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(57) Abrégée/Abstract:

A porous body (28, 29) for a fuel cell (1000), a fuel cell component including the porous body and a method of manufacturing the
fuel cell component is provided. The porosity in at least a portion (15) In the vicinity of the periphery of the porous body (28, 29) Is
lower than the porosity in an interior portion of the porous body. When a seal member (30) Is arranged on the periphery of the
porous body (28, 29) to be integrated with the porous body, the interior portion of the porous body (28, 29), Is prevented from

being iImpregnated with the seal member.
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(57) Abstract: A porous body (28, 29) for a fuel cell (1000), a fuel cell component including the porous body and a method of
manufacturing the fuel cell component is provided. The porosity in at least a portion (15) in the vicinity of the periphery of the
porous body (28, 29) is lower than the porosity in an interior portion of the porous body. When a seal member (30) is arranged on
the periphery of the porous body (28, 29) to be integrated with the porous body, the interior portion of the porous body (28, 29), is
prevented from being impregnated with the seal member.
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FUEL CELL COMPONENT, POROUS BODY FOR FUEL CELL AND METHOD OF

MANUFACTURING FUEL CELL COMPONENT

BACKGRQOUND OF THE INVENTION

1. Field of the Invention
[0001] This invention generally relates to a fuel cell component, a porous body for a
fuel cell, and a method of manufacturing the fuel cell component and in particular, to a

fuel cell component, a porous body for the fuel cell and a method of manufacturing the

" fuel cell component, in which a sealing structure 1s prowded to improve airtl ghtness

2. Description of the Related Art

[0002] In recent years, a .fuel cell is known that generates. electricity by
electrochemical reaction between hydro gen and oxygen, as an energy source. The fuél
cell is composed of, for example, membrane electfode assemblies and separators Serving
as collectors, that are alternately laminated on each other and are pressed from both ends
thereof. The membrane electrode assembly 1is formed by laminating electrocatalyst
- layers oﬁ a soolid polﬁer electrolyte membré.ne and arranging multiple porous layers
having different ‘porosities outside the electrocatalyst layer. Reaction gas, such as fuel.
aas, oxidization gas and the like, supplied from outside flows through manifolds formed
by laminating the. separators in the fuel cell, and then is sﬁpplied to the membrane
) electrode assemblies via the porous layers. In the fuel cell having manifolds, seal
members are provided in the laminating process to suppress the leakage of the reaction
gas.

[0003] The fuel cell having the seal member is formed by, for example, pouring
(injecting) thermosetting resin into the gap between the outer perlpheral pOl'tIOIl of the

'~ .membrane elecfrode assembly and the inner penphcral portion of the seal mcmber

thereby. integrating the membrane’ electrode assembly and the seal member (Japanese

CONFIRMATION COPY



CA 02630419 2008-05-20
WO 2007/080518 PCT/1IB2007/000109

Patent Application Publicail.ion Nos. 2005-183210 and 2002—42836)"

[0004] In the conventional technology, however, when the multiple porous layers
lhaving different porosities from'each other ere* iotegrated with the seal member using the .
thermosetting resin, the porous layer having a hlgher porosny is more impregnated Wlth
the thermosetting resin, as compared with the porous layer having a lower porosity.

Accordingly, the flow of the reaction gas is blocked and the generating efficiency .

decreases.

SUMMARY OF THE INVENTION

[0005]. The present in\}ention provides a fuel cell component, a porous body for a
fuel cell and a method of manufacturing the fuel cell component that maintains
eirtightnese and improves the flow efficiency of the fuel cell.

[0006] In one aspect of the present im‘.rention, a.method of manufacturing a fuel cell
: 'component provided with a first porous body ﬁaving a first poiosity and a second porous
body haviog a second porosity that is higher than the first porosity. The first porous
body iocluding conductive material is laminated on a membrane electrode assembly. A
porosity adjustment process 1s performed that forms et least a portion io the vicinity Of
the penphery of the second porous body with the porosity lower then the second porosity.
- The second porous body 1s lamlnated on the first porous body laminated on the
membrane electrode assembly A seal member including at least one of a thermosetting
TESIn and a thermoplastic resin is injected on the periphery of the membrane electrode
assembly on which the first porous body and the second porous body are laminated, to
- integr‘afc the membrane electrode asserobly, the second porous body and t'he seal member
by 1n3 jection molding.
[0007] According to thlS aspect of the preeent invention, because the porosity in at
- least a portion in the vicinity of the periphery of the second porous body is lower than the
second porosity, the impregﬁation of the seai member into the area on the inner side of
the vicinity of the periphery of the second porous body with the lower- porosify, is

suppressed. - Accordingly, the reaction gas flows well in the interior area, which 1s on'the
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inner side of the vicinity of the periphery, and the generating efficiency in the membrane
ele;ctrode assembly 1s improved. .

[0008] The porosity adj‘ustrnent process may impregnate t‘he at least the portion in
 the viéinity of the periphery of the second porous body with a predete'r‘mined material.

[0009] Accordingly, the porosity in thé* portion in the vicinity of the periphery of the
second porous body can be reduced in a simple manner.

[0010] The second porous body may be a porous channel in which the gas used for
clectric generation in the fuel cell flows in 2 predetermined direction, and the first pbrous “
body niay Ee a ga$ diffusion layer that diffuses the gas.

[0011] Accordingly, when the porous channel is integrally formed with the seal
" member by Injection molding, the. impregnation of the seal member into the area of the
porous channel necessary for the gas to flow is suppressed.

[0012] The first porous member may be laminated on the membrané electrode

assembly by joining the first porous member on both sides of the n:iembfane electrode
- assembly. ’
[0013] Accordingly, because fhe membrane electrode assembly and the first porous
' body are joined, the displacement between the:membrané electrodé assembly and the first
porous body is suppressed and the 'oécurrence of bdundary (gap) between thé membrane -
electrode assembly and the first porous body is suppressed.

[0014] In another aspect of the present invention, a fuel cell component is provided.
The fuel cell component includes a membrane. electrode assémbly, a gas diffusion .Iayer
having a first porosity, laminated on. the membrane ;lectrode assenibly, and a porous

| c‘han.nel laminated on the gas diffusion layer. Thc*porous channel has an interior portion
- with a second porosity that is higher tﬂan the first porosity énd at ‘le;ast a portion in the
vicinity of t'hg periphery of the porous channel with the porosity lower than the sécond
porosity. The fuel péll component further includes a seal member integrated with the
gas diffusion layer and the porous channel by injection molding, ' o
[0015] According to this asﬁe‘ci of the present ihvention, because the porosity in at

least a portion in the vicinity of the periphery of the porous channel is lower than the
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second porosity, the impregnation of the seal member into the area on the innér side of
the vicinity of the periphery of the porous channel is suppressed at the time of injection
mqlding. - Therefore, *by making the fuel cell using the fuel cell component, the reaction
gas flows well in the interior area, which is on the inner side of the vicinity of the.
periphery, and the generating efficiency in the fuel cell is improved. .

[ﬁOlﬁ] In fqrther éspéct of the present invention, a porous body for a fuel cell_ is
~provided. The porous b6d35 is configured to be integrated with a seal memb'er-arranged
on the periphery of the ‘porous Body.‘ The porosity in the portion in the vicinity of the
pefiphery of the porous bédy is lower than the porosity in the interior portion of the
porous body. = According to this aspect of the present invention, the flow of the reaction
gas is less bldéked. ’

| [0017] In another aspect of the present invention, a method of manufacturing a fuel
| celi*component 1s provided. In the method, a porous 'body is formed in which the
porosity in at least a portion in the Viéinity of the periphery of the porous body 1s lower
than the porosity in the interior portion of the porous body. A seal member is arréngéd

- on the periphery of the porous body and integrated with the porous body.

- BRIEF DESCRIPTION OF THE DRAWINGS

[601'8] The foregoing and further oﬁject's, features and 'acivantages of the invention
will become ap'pa_rent from the following description of prgferred embodiments with
referénce to the accompanying dravﬁings, wherein like numerals are used to 'repr’ésent like
elements and wherein: .
~ Fig. 1is a perspéctive view 1llustrating a schematic construction of a fuel cell according
to an embodiment of the bres’eﬁt in'vention;
Fig. 2 1s a cross section illustrating a fuel cell cell according to the embodiment;
F ig. 3 is a plan view illustrating an intermediate member according to the .embo,dime.nt;
Fig. 4 is a flowchart illustrating an example of a manufacturing process of the
intermediate member; ' '

Fig. 5 is schematic view illustrating an impregnation .process of the porous channel
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according to the embodiment;

Fig. 6 is a plan view illustrating an impregnation device according to the embodiment;

‘ Fig. 7 1s a cross section illustratirrg a porous channel accordin g to rhe embodiment;

Fig, § is a schematic view illustrating injection molding apcording to the ernbodimeﬁt;
Fig. 9 1s a schematic view illustrating the injection rrrolding acpording to the embodiment;
Fig. 10 is-an enlarged schémqtic view illustrating the injection molding according to the
‘embodiment; anri | ‘
Fig. 11 is a s'chernatic view illustrating .the injécti’orl molding according to the

embodiment.

DETAILED DESCRIPTION OF THE PREFERRED EMBODIMENTS

[0019] An embodiment of the present invention is described in detail below, with

reterences made to the drawings. |

. [0020] The‘ construction of ‘the fuel cell 1000 according to an embodiment of the
present invention. is described below with reference to Figs. 1 to 3. Fig. 11s a view
illustrating a schematic construction of the fuel cell 1006 zrccording to the embodiment.
. Fig. 2 is a cross section illustrating a fuel cell cell taken on ljne II-II ’of Fig. 1. ‘Fig. 3isa
| plan view illustrating an intermediate member 20 accordmg tp the embodlment Thé.
fuel cell 1000 acc:ordmg to th¢ embodiment is a solid polymer fuel cell to which
hyrirogen gas and air are supplied and that generates electricity by electrochemical .
‘reaction between hyd‘rogcn and oxygen.

[0021] As shown in Fig. 1, the fuel cell 1000 includes intermediate merﬁbers 20 that
have electrolyte membranes, and separators 40 servmg as pamtlons that collect electricity
generatcd by electrochemrcal reaction. The separators 40 and the intermediate members
20 are altemately laminated on each other, and are sandwmhed from the both ends by end -
| plates 85 and §6. |
[0022] The end. plate 85 has a thrpu‘gh hple'SSa" that supplies rmode gas, a through
‘hole 85b that supphes cathode gas, a through hole 85¢ that dlscharc,es anode off-gas a

' through hole 85d that drscharges cathode off-gas, a through hole 85e that supplies. coolant,
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and a through hole 85f that discharges the coolant. The anode gas is supplied into the
fuel cell 1000 from an unshown hydrogen tank through the through hole 85a. The
cathode gas is compressed by an unshown compréssor and is s‘upplicd into the fuel cell
1000 through the through hole 85b. The coolant is cooled by aﬁ unshown radiator aﬁd
 supplied to the fuel cell 1000 through the through hole 85e.

[0023] As shown in Fig. 2, the intermediate member 20 includes a membrane
electrode assembly (MEA) 24, gas diffusion layers 23a, 23b, poroué channels 28, 29, and
a seal gasket 30. The gas diffusion layers 23a, 23b are a.rraﬁged on both sides of the -
MEA 24, The portion composed of the MEA 24, gas diffusion layer 23a and the gas
diffusion layer 23b is called MEGA 25. The MEA 24 can be reg:arded' as the
“membrane electrode assembly” of the present invention. The porous channels 28, 29
are provided between the MEGA 25 and the respective separators 40. The periphery of
: the MEGA 25 and porous channels 28, 29 is surrounded by the seal gasket 30to integrate .
the MEGA 25, the porous channel 28, 29 and the seal gasket 30, and: thus, the

intermediate member 20 is formed.
[0024] The MEA 24 has a cathode electrocatalyst Jayer 22a and an anode

electrocatalyst \layer 22b on the surfaces of the electrolyte membrane 21. The
electrolyte membrane 21 is a solid polymer thin membrane that has proton'.condu‘ctivity
and shows a good electric conductivity in a wet condition. The electrolyte membrane
21 has a rcc'tangular shape smaller than the profile of the separator 40. The electrolyte
| membrane 21 1s made of Nafion®, for example. The cathode elect;ocatélyst layer 22a
" and the anode electrocatalyst layer 22b formed on the sﬁrfaces of the electrolyte
ﬁembrane 21 support (carry) a catalyst that enhances the electrochemical feaction, for
example, platinum,

[0025] The gas diffusion layers 23a, 23b are 'porou‘s bodies with about twenty

percent (20%) porosity, made of, for example, carbon cloth or carbon paper. The gas
diffusion layers 23a, 23b and the MEA 24 are integrated by joining to form the MEGA 25.

The gas diffusion layer 23a and the gas diffusion layer 23b are respectively located at the
cathode side and the anode side of the MEA 24. The gas diffusion layer 23a diffuses the

6
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cathode gas in the thickness direction and supplies the cathode oas to the entire surface of
the cathode electrocatalyst layer22a. The gas diffusion layer 23b dlffuses the anode gas

in the thickness direction and supplics the anode gas to the entire surface of the anode

electrocatalyst layer 22b.

[0026]. The porous channels 28, 29 are made of a sintered foam ﬁletal,' such as a
. sfainless steel, titaniurﬁ? titaniuﬁ alloy, and so on. The porous channels 28, 29 have a
generally rectangular shape that is grﬁaller than but is almost as large as the MEGA 25.
The .porc;sity of the porous channels 28, 29 is higher than the porosity of the gas diffusion
layers 23a, 23b iﬁcluded in the MEGA 25, and is approximately seventy to eighty percent
(70 - 80 %). The porous channels 28, 29 function as channels that supply‘th‘e reaction
gaé to the MEGA 25. ‘ |

' [0027] For example, the porous channél 28 18 ‘provided between the cathode side of

the MEGA 25 (cathode side of the MEA 24) and the separator 40. As shown in Figs. 1-
and 2, the porous channel 28 directs the a1r ﬂowmg from top to bottom of the fuel cell to
the cathode side of the MEGA 25 via the separator 40. ‘

[0028] On the other hand, the porous channel 29 is provided between the anodé side
. of the MEGA 25 (anode side of the MEA 24) and the separator 40, As shown In Fig. 1,
the pordus channel 29 directs the hydrogen gas flowing from top tol bottom of the fuel
cell to the anode side of the MEGA 25 via the separator 40.
| [0029] In other words, because the main objéct of the porous channels 28, 29 is to
have the reaction gas flow in the predetermmed dlrectlon the porous channels 28, 29
have a relatlvely hlgh porosity to suppress the pressure loss of the reaction gas flow and
| '.1.mpr,ove the dramage.. On the other hand, because the main ob]ect of the gas diffusion
layers 23a, 23b is t'o diffuse the éas in the thickness diréctipn, the gaé diffusion layefs 23a, ‘
,+ 23b have a relatively low porosity (lower than the poros‘i,fy of 'the. porous channels 28,
29). ' '
[0030] The reaction gas flowing in the porous channels 28, 29 is supplied to the
MEGA 25 ‘while flowing, and is diffused to the cathode 'élcctrocatalyst layer 22& and

- anode electrocatalyst layer 22b throilgh the gas diffusion layers i3a, 23b of the MEGA 25,

7
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" to be used in the electrochemical reaction. Because the electro'chemical* reaction 1s an
exothermic reaction, the coolant is supplied inside the fuel cell 1000 to 0pérate the fuel
cell 1000 \vitilin the predetermined temperature range.

[0031] ' In this embodiment, the portion composed of the MEGA 25 and the porous
channels 28, 29 arranged on bbth surfaces of the MEGA 25 is called electrode member 26.
The seal gasket 30 that encloses the outer periphery of the electrode member 26 is made
- of elastic rubber-made insulating resin’ material, such as a s‘ilicon’e‘: rubber, butyl rubber, -
fluoro-rubber and the like, and is formed on the outer periphery of the electrode member
26 by injection moiding, thereby integrating the seal gasket 30 and the Qlectrode member
*26. In this'embodiment, the seai gasket 30 is made of ﬂuoro~mbber. |

[0032] The predetermined area 15 near the outer periphery of porous channels 28, 29
(hatched area in Figs. 2 and 3) is impregnated with silicone re'sin.‘ Hereinafter, in' the
émbodiment, the area 15 that is impregnated with resin is called a resin-impregnated area
15, and the area 18 that is located on thé outer side of the resin-impregnated area 15 is

- called a seal member impregnated area 18.

[0033] When the seal gaskét 30 is injection molded, the pores in the gas diffﬁsion
layers 23a, 23b and porous channels 28, 29 are impregnated with the fluoro-rubber,
“thereby integrating the seal gasket 30 with the MEGA 25 and the p‘oroqé channels 28, 29.
in’ this ‘embo‘diment, the pores in the resin-impregnated area 15 of the porous channel 28, |
29 have been impfegnated with a silicone resin. In other words, because the pbres are
clogged with silicone resin, the impregnation-of the fluoro-rubber into the area on the
| inner side of the resin-impregnated area. 15 is prévented Or suppfessed.' |

[0034] The seal gasket 30 1s formed as a part of the intermediate member 20, and has
a subs‘ta'ntially rectaﬁgular shape, similar to that of the separator 40. As shown in Fig. 3,

‘the openings 20a to 20f for manifolds are formed along the four sides of the intermediate

~ member 20. To distinguish the openings 20a to 20f for manifolds provided in the seal

- gasket 30 from the opehings for the manifolds provided in the separator 40, the openings

'20a-to 20f in the seal gasket 30 are called continuous holes 20a to 20f in this embodiment.

- Each of the continuous holes 20a to 20f forms a part of manifolds through which the fluid
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(hydrogen, air or cQOlant) in the *fuel cell 1000 flows. The continuous ilOlC 20a forms a
| - part of an anode gas manifold, and the continuous hole 20b forms a part of a cathqde gas
‘manifold. The continuous hole 20c forms 2 part of an anode +off-gas manifold, and the
continuous hole 20d forms a pari of a cathode off-gas manifold. The continuous hole
20e forms a part of a coolant supply manifold, and the continuous hole 20f forms a part
of a coolant discharge manifold.

[0035] The seal gasket 30 includes protruding portions that protrude in the thjclgnéss'
direction of the seal gasket 30 and enclose the continuous holes. The protruding
- portions are interpb'sed between the separators 40, receive the fastening force in the
laminating direction, and are collapsed and deformed in the laminating direction. As a
| result, as shown in Fig. 2, the prbtrdding portions’form seal lines SL that suppress the
‘leakage of the fluid (htydrogen’, air or coolant) from the manifolds.

[0036] Next, thé séparator 40 that collects the el;:.ctricity generated by the
electrochemical reéction is described. - The separator 40 1s a three-layered stacked
separator, formed byolaminating three thin metal plates. More specifically, the separator
40 includes a cathode plate 41 contacting the porous channel 2'8, in which air flows, an
anode plate 43 contacting the porous channel 29, in wﬁich hydrogen gas flows, and an
intermediate opléte 42 that is iﬁtcrposed .be+tween the cathode and anode plates aﬂd in ’
which the coolant mainly flows. .

- [0037] ' Eaéh of the three plates has a flat surface without any recess or protrusion to
foﬁn channels in the thickness direction thereof (i.e., the surface contacting thé porous
channel ’28 or 29 is flat). Each plate is made of conductive metallic maferial, such as a
- stainless steel,‘,titan'ium, titanium alloy, or the like.

[0038] The threé plates have through holes that form the above describéd various
manifolds. More specifically, as shown in Fig. 1, an elongated through hole 41a for
R supplying air and an elongated through hole 41b fof discharging air are provided' along

the long side of the substantially rectangﬁlﬁr separator 40. A through hole 41c for
. supplying hydrogen and the through hole 41d for discharging hydrogen are provided at

- the short side of the rectangular separator 40. Further, a though hole 41e for supplying
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coolant and a through hole 411 for discharging coolant are provided at the short sicle of
rectangular separator 40.

[0039] In addition tc the through holes fcr the manifolds, the cathode plat‘e,41 further
- includes multiple openings 45 and 46 that are inlet ’.and' outlet of air from and to the
porous channel 28. Similarly, in ’addition to the through holes for the manifolds, the
anode plate 43. includes multiple openings (noi shown) that are inlet and outlet of
hydrogen gas from ancl to.the porous channel 29. . i

* [0040] In the multiple through holes for the manifolds provided in the intermediate
‘plate 42, the through holes 42a for the manifold in which air flows are formed to be
communicated with the openings 45 in the cathode plate 41.  Further, through holes 42b
+ for the manifold in which hydrogen gas flows are; formed to be communicated with the

openings (not shown) in the anode plate 43.

10041] Further plural notches are pmV1ded in the intermediate plate 42 along the
long side of the substantlally rectangular shape, and the ends of the notches are.
communlcated with the through hole for the manifold in which the coolant ﬂcws

[0042] By laminating and Jomtng the three plates havmg the above described
structure, channels for various ﬂulds are formed in the separator 40.

[0043] The process of manufacturing the intermediate member 20 is rlesc.ribed with
reference to Figs. 4 to 11. Fig. 4‘ 1s a flowchart illustrating an example of a process of
'.‘manufacturing the intermediate member'ZO according to the embodiment of the present
invention. Fig. 5 is a schematic view illustrating the impregnation process of the porous
| channel according to the embcdiment. - Fig. 6is a plan view illustrating an impreg’nation ‘
device according to the embodiment. Fig. 7 is a cross section illustrating the porous
.‘ channel taken on line VII-VII of Fig. 5. Figs. 8,+ 9 and 11 are schematic Views
illustrating the injection molding according to the embodiment.‘ Fig. 10 is an enlarged
- schematic v1ew illustrating the pomon C circled by the dashed line in F1g 9.

[0044] First, the MEGA 25 1s made (step S10). More spec1f1cally for example the

platmum iS SUpported (carrted) on-the both sides of the electrolyte membrane to form the

cathode electrocatalyst layer 22a and the,anode electrocatalyst layer 22b, thereby fonnmg
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the MEA 24. Then, the gas diffusion layer 23a is joined on the cathode side of the MEA
24, and the gas diffusion layer 23b is joined on the anode side of the MEA 24 to make the
- MEGA25.

[0‘045] Next,'the porous channels 28, 29 are made (step S12). More specifically, for
example, foaming agent is added into metal pbwder, and 2 binder resin aqueous solution
is further mixed therewith to form slmry. The slurry is shaped in a predetermined shape,
and is heated at the temperature near the foaming temperature of the foaming agent to
make the foaming agent foam. The'shaped S;Iurry 1S theﬁ dried and sintered at the
temperature defined depending upon the material of the metal pdwder. Thus, the porous
chaﬂnels 28, 29 are formed.

[0046] The resin-impregnated area 15 in the formed porous channels 28, 29 1s
impregnated with silicone resin (step S14). The impregnation process is described in
- detail with reference to Figs. 5 to 7. Because the porous channel 29 has the structure
similar to that of the porous channel 28, the impregnation process is described by taking -
the porous channel 28 as an example, hereinafter.

[0047] In the impregnation procesls acCording to the embodiment, the impregnation
device 50 applies silicone resin to the resm-lmpregnated area 15 of the porous channel 28,
as shown by the broken lines in Fig. 5. The impregnation device 50 has twelve Splay
nozzles 51, as shown in Fig. 6. The splay nozzles 51 are injection outlets that inject
silicone resin.

[0048] The “imprégnation device 50 injects the silicone ;esin through the splay
nozzles 51, and impregnates and soaks the resin impregnated area 15 of the pordus
. .channel 28 with the siliconé resin, as shown by hatching in Fig. 7. The silicone resin
used for the impregnation may be, for example, alkyd resin or epoxy resin. Alternative
to the impregnation device. 50 according to the embodiment, the porous channel 28 may
‘be impregnated With silicone resin by using-a’ brush or roller, or by dipping that
impregnates the resin-impregnated area 15 of the porous channel "28 with the
predetermined amount of resin evenly. Further, the porous channel 28 may be

°irr1pr<=:gnated with resin by electrodeposition.
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| [0049] The porous channel 28 on which the impregnation process has been
peﬁomed in the step 514 1s laminated on thé cathode side of the MEGA 25, and the
- porous channel 29 on which the impregnation process has bgeﬁ performed in the step S14
is laminated on the anode side of the MEGA 25. Then;, the MEGA 25 with the porous
channels 28, 29 is set in the molding die to mold the intermediate member Zd by injection
molding (step S16). The injection molding is de'scrib*edhereinafter with reference to
~ Figs. 8 to 11.
[0050] As shown in Fig. 8, the mold 100 hés an upper die 110, a lower die 120 and a

lower core die 130. The upper die 110 includes a gate 111. . The gate 111 is an inlet to

~  inject resin material into the closed mold 100. The upper die 100 and the lower core die

130 have recesses and prbtrusions 112 that form the seal line SL.

[0051] The. injection device 150 is a device that injects resin material 31 into the
-mold 100. The injectioﬂ device 150 has a nozéle 151 to inject the resin material" 31.
The injection device 150 stores' melt liquid resiﬁ material 31 at a constant tempefature;
- In this embodiment, because the resin material 31 is fluoro-rubber, the resin mateﬁal 31is
also called fluoro-rubber 31. ' ' |

[0052]' The lower dié 120 is statically fixed and the upper die 110 moves toward the
lower die‘ 120 to close the upper die 110 and the lower die 120. The ‘pressure"Vl applied
to close the upper die 110 and the lower die 120 can be deten'nined. appropriately.

[0053] The lower core die 130 is pressed toward the upper die 110, independent of
the closing of the upper die 110 and the lower die 120, to close the lower core die 130 and
the upper die 110. When the upper die 110.and the lower die 120, and the upper die 110
and the lower core die 130 are respectively closed, as shown in Fig. 9, cavity' 140
including the recesses and prbtfusions 112 formed on the upper die 110 and the lower
core die 130 is formed between the upper die 110 and the lower core die 130. . :

[0054] - The pressﬁre V2 appli@d to the lower core die 130‘ may be set the pressure

samé'a's the fastening pressure appljed'wheh the fuel cell.stacks are fastened. By doing

. s0, when the injection molding is performed, the height d between the MEGA 25 and the

- upper die 110 is maintained constant, as shown in Fig. 10, and the load applied to the
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electrode member 26 is maintained constant, .
[0055] Aftelj the mold 100 is closed, the injection device 150 injects the liquid .
~ fluoro-rubber 31 into the cavity 140 ‘through the gate 111, ‘As shown in Fig. 11, the
cavity 140 is filled with the injected ﬂuorp-rubber 31.
*[00’5'6]‘ Because the fluoro-rubber 31 is thermosetting material, the quui&
- fluoro-rubber 31 is hardéned by heat treatment. The hardened fluoro-rubber 31 may'
have. the hardness of 30 to 70 ;(degrees) in JISA of Japanese Industrial Sténdards JIS).
Further, the breafcing elongation of the hardened ﬂu'oro-mbbe.r may be equél to or higher
than 300%. ‘

[0057] After the ﬂuoro-rﬁbber 31 in the cavity 140 is hardened enough, the molding
die 100 is opened. Thus, the intermediate member 20 is formed in which the Qlectfode
member 26 is integrally formed with the seal gasket 30 that is made of fluoro-rubber 31 |
- and provided on the periphery o+f the electrode member 26.

[0058] According to the method of manufacfuring the intermediate member of the
embodiment, by mpregnating a portion in the vicinjty of the periphery of the pOrous
'f:hanncl with resin, the pores in the impregnated area are clogged. Accordingly, the -
impregﬁatiop of the fluoro-rubber into the area on the inner side of the resin-impregnated
area Is prevented, and the reduction of the generating efficiency is suppressed.

[0059] Further, according to\ the manufacturing method of | the embodiment, the
"MEGA, the porous channel and the seal gasket are fntegrzilly molded. Therefore, the
occurrence of the. gap between the pordus channel and the seal gasket is suppressed or
prevented, and the fuel gas is efficiently supplied to the MEA.

[0060] In the ab()ve-deséribed embodiment, the vic*i‘nity of the periphery of the
| porou’s channel is impregnated with resin to reduce the Eorosity therei’n‘. Howe‘ver, the

method to adjust the porosity is not limited thereto.”. For example, When the porous
. 'ghanﬁel 1S fonﬁed, the amount of foaming ageﬁt included in the slurry may be changed.
The porous channel may Eé’ formed by using the slurry includihg less foaming agent in.
the area in the vicinity of the periphery where the lower porosity is expected.

| [00611 Further, to reduce the 'porqsity in the vicinity of the periphery of the pérous
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. body, the vicinity of the periphery of the porous’bodyo may be shaped thicker than the
othér area; and then the thicker portion in the vicinity of the periphery may be pressed to
collapse the pores in the vicinity of the periphery. *

[0062] In the abovg-described ernbodiment, the electrode member 26 includes the
‘ gas diffﬁsion layers 23a, 23b; however, the gas diffusion layers 23a, 23b may not be
necessarily included. |

[0063] While some embodiments of the invention have been illustrated above, it is to

Eel understood that the inveniion is not limited to details of the illustrated embodiments,
but may be ’embodi’ed with various changes, modifications or improvements, which may
occur to those skilled in the art, without departing from the spirit and scope of the

invention.
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What is claimed is:
1. A method of manufacturing a fuel cell component provided with a first porous body
having a first porosity and a second porous body having a second porosity that is higher
than the first porosity, the method comprising:
Jaminating the first porous body including conductive material on each of two
surfaces of a membrane electrode assembly;
performing a porosity adjustment process by:
shaping the second porous body to make at least a portion in a vicinity of a
periphery of the second porous body thicker than an interior portion of the second porous
body, and
pressing the portion in the vicinity of the periphery of the second porous
body to collapse pores therein so that the portion in the vicinity of the periphery of the
second porous body has a porosity lower than the second porosity;
laminating the second porous body on the first porous body laminated on each of the
surfaces of the membrane electrode assembly;
injecting a seal member including at least one of a thermosetting resin and a
thermoplastic resin on a periphery of the membrane electrode assembly on each of the
surfaces of which the first porous body and the second porous body are laminated, to

integrate the membrane electrode assembly, the periphery of the second porous body and

the seal member by injection molding,

wherein impregnation of the seal member into the second porous body 1s suppressed

by the portion in the vicinity of the periphery having the lower porosity.

2. The method according to claim 1, wherein the porosity adjustment process further
comprising a step of impregnating the at least the portion in the vicinity of the periphery of

the second porous body with a predetermined material.
15
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3. The method according to claim 1, wherein the porosity adjustment process further
comprising a step of, when the second porous body is shaped, making the at least the
portion in the vicinity of the periphery of the second porous body using a slurry formed with

a less foaming agent, as compared with an other portion of the second porous body.

4, The method according to claim 1 or 2, wherein the second porous body is a porous
channel in which a gas used for electric generation in a fuel cell flows in a predetermined

direction, and the first porous body is a gas diffusion layer that diffuses the gas.

. The method according to claim 1, wherein the first porous body is laminated on each

of the surfaces of the membrane electrode assembly by joining the first porous body at both

sides of the membrane electrode assembly.

6. A fuel cell component, comprising:

a membrane electrode assembly;

gas diffusion layers, each laminated on each of two surfaces of the membrane
electrode assembly, the gas diffusion layers having a first porosity;

porous channels, each laminated on each of the gas diffusion layers, each porous
channel having an interior portion with a second porosity that is higher than the first
porosity and at least a portion in a vicinity of a periphery of each porous channel in which
pores are collapsed by pressing the portion to have a porosity lower than the second
porosity; and

a seal member that is integrated with the membrane electrode assembly, the gas

diffusion layers and the periphery of the porous channels by injection molding,
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wherein impregnation of the seal member into each porous channel is suppressed by

the portion in the vicinity of the periphery having the lower porosity.

7. A method of manufacturing a fuel cell component, comprising:

forming porous bodies;

laminating each porous body on each of two surfaces of a membrane electrode

assembly;

collapsing pores in at least a portion in a vicinity of a periphery of each porous body
by pressing the portion so that a porosity in the portion in the vicinity of the periphery of
each porous body is lower than a porosity in an interior portion of the porous body; and

arranging a seal member on the periphery of the porous bodies to integrate the seal
member with the periphery of the porous bodies and the membrane electrode assembly,

wherein impregnation of the seal member into each porous body is suppressed by

the portion in the vicinity of the periphery having the lower porosity.

8. The method according to claim 7, wherein the portion in the vicinity of the

periphery of each porous body is further impregnated with a predetennined material.

9. The method according to claim 7 or 8, wherein the seal member is arranged on the

periphery of each porous body by injection molding.

10.  The method according to claim 9, wherein the laminating of each porous body on
each surface of the membrane electrode assembly is carried out before the injection

molding.
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11. A porous body for a fuel cell configured to be integrated with a seal member
arranged on a periphery of the porous body, the porous body comprising a portion in a
vicinity of the periphery of the porous body in which pores are collapsed by pressing the
portion to have a porosity lower than a porosity in an interior portion of the porous body so

that impregnation of the seal member into the porous body is suppressed by the portion in

the vicinity of the periphery having the lower porosity.

12. A fuel cell component, comprising:
a membrane electrode assembly;

the porous body according to claim 11, that is laminated on each of two surfaces of

the membrane electrode assembly; and

a seal member that is integrated with the membrane electrode assembly and the

periphery of each porous body.
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