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(57) Abstract: In manufacturing a membrane electrode
assembly, an anode catalyst layer (130a) is formed on one side
of an electrolyte membrane (110) and then a cathode catalyst
layer (130c) is formed on the other side of the electrolyte
membrane (110). Next, an anode gas diffusion layer (120a) is
hot-press joined to the surface of the anode catalyst layer (130a)
and a cathode gas diffusion layer (120c) is hot-press joined to
the surface of the cathode catalyst layer (130c). The applied
pressure during the hot-press joining at a region (120Rb), where
the anode catalyst layer (130a) and the cathode catalyst layer
(130c) are not formed on the electrolyte membrane (110), is less
than the applied pressure at a region (120Ra), where the anode
catalyst layer (130a) and the cathode catalyst layer (130c) are
formed on the electrolyte membrane (110).
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- MANUFACTURING METHOD OF MEMBRANE ELECTRODE ASSEMBLY USED
IN A FUEL CELL, AND MEMBRANE ELECTRODE ASSEMBLY

BACKGROUND OF THE INVENTION
1. Field of the Invention | |

[0001] The invcntioh relates to a manufactufing méthod ofa mcmbrane electrode

_assémbly used in a fuel cell, énd a membrane electrode assémbly’.

_ 2. Description of the Related Art |

o [0002]) Fuel cells, which 'generétc power throuéh an electrochemical reaction
between hydrogen and oxygen, are attracting attention as energy sources. Fuel cells are

" formed By sandwiching a metﬁbrane electrode assembly, in which gas diffusion
electrodes (i.e., an anode and a cathbde) are joined, one on each side, to a
proton-conducting electrolyte membrane (such as a solid polyincr membrane), in between’ |
separators. The anode and cathode each havé a catalyst layer that promotes the
electrochemical fcaction, and a gas diffusion layer that diffus<as reaction gas (i.c., a fuel
gas on one side and an oxidant gas on the other side), supplicd from to the fpcl cell, -
across the catalyst layer. -

[0003]  Various technologies have been proposed for this kind of menibrane
electrode assembly. For example, Japanese Patent Application Publication No.
2006-164887 (JP-A-2006-164887) describes a technique to prevent wrinkling of the outer
peripheral pbrtion of a membrane electrode aséembly by hbt-prgssing together, with even
pressure, a central portioxi of the membrane electrode assembly, where the polymer
clectrolyte membrane overlaps an electrode sheet, and an outer peripheral portion of the
membrane electrode assembly, that surrounds the centrai portion.'

[d004] In a membrane electrode assembly, the éatalyst 1;1ycr may be formed in a
region having a smailer area than the area of the gas diffusion layer substrate that
‘constitutes the gas diffusion layer in order to effectively ﬁﬁlize a éompa;ativcly expensive
catalyst for power generation, i.e., in order to utilize almost the entire region of the
catalyst layer that is formed on the cléctro_lytc membrane. Also, the gas diffusiqn layer -
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_éubstrate is.t)-rpically made of carbon cloth or carbon paper that diffuses gas and conducts
electricity. When manufacturing a .membranc electrode assembly, the electrolyte
membrane, the catalyst layer, and the gas diffusion layer (i.é., the gas diffusion layer
substrate) are typically joined together by pressure-joining (c.g., hot-press joining).

_ [0005]  Carbon fiber pile is typically present on the surface of carbon paper and
carbon cloth used for the gas diffusion layer substrate, Therefore, with a-mémbrane
electrode assembly in which the catalyst layer is formed on a region having a smaller area .
than the area of the gas diffusion layer substrate that constitutes the gas diffusion layer as
described above, the region of the surface of the elecﬁolyte membrane on which the
catalyst layer is not formed, i.c., the region where the electrolyte membrane and the gas
diffusion layer substrate are directly joined, is more sﬁscep'tiblc to damage from tﬁe |
_ca_rbon' fiber pile during pressure-joining (hereinafter in this specification, the term
“damage” refers to damage from carbon fiber pile during pressure-joining). .A region of |
the electrolyte membrane that has been damaged is susceptible to .short-circuiting
between the anode and cathodé, and cross-leaking through the electrolyte membrane.
Such problems are particularly pronounced if the electrolyte membrane is made thinner to

improve power generation efficiency, i.c., to reduce membrane resistance.

_ SUMMARY OF THE INVENTION -

[0006] This invention provides a membrane electrode assembly that inhibits
cross-leaking as well as short-circuiting between the anode and the cathode in a fuel cell -
as a result of démagc sustained by the él’cctrolyte membrane during the manufacture. of
the ﬁembrme electrode assembly. | .

[0007] A ﬁrst aspéct of the invention rel;_atcs toa method _of manufacturing a
membrane electrode éssembly. The membrane electrode assembly is used in a fuel cell -
and has a catalyst layer provided on both sides of an electrolyte membrane and a gas
diffusion layer provided on at least one surface of the electfolyte membrane. The
manufacturing method according to this aspect of the invention includes i) forming the
catalyst layer in a region of at least oné_of the electrdlytc membrane and a gas diffusion

2 | .
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layer substrate that constitutes th§ gas diffusion layer, the region excluding a peripheral
edge portion of the at least one surface and having an area smaller. than the area of the gas
diffusion layer substrate; and ii) joining the electrolyte membrane, the catalyst layer, and
the gas diffusion layer substrate together by pressure-joining such that the catalyst layer is
arranged in a region between the electrolyte membrane and the gas diffusion layer

- substrate. The pressure-joining is performed in a catalyst layer non-forming region,

where tl_1e catalyst layer is not fbrincd, in the surface of the electrolyte membrane, uﬁder a
plurality of pressurization conditions, which include pressurization pressure,
pressurization temperature, and pressurization time during thé pressurc-joiﬂing, at least
one of which is different from at least one of the pressurization éonditions under which
pfcssurc-joinihg is performed in a catalyst layer forming region, where the catalyst layer
is formed,

'{0008] Inthe joitﬁng step, the pressure-joining is ﬁcrfoﬁned in a non-catalyst
layer forming region where the catalyst layer is not formed in the surface of the
electrolyte membrane, under a plurality of pressurization conditions which include
pressurization pressure, pressurization temperature, and pressurization time during fhe
pressurc-jofning, at least one of which is different from at least one of the pressurization
conditions ﬁnd'er which préssure-j oining is performed in a catalyst layer forming region
where the catalyst layer is formed. ~Accordingly, the adhesive force between the
electrolyte membrane, the catalyst layer, and the gas diffusion layer substrate may be
éontrolled as appropriate for each region. For example, in a region where the electrolyte -
inembrane may be casily damaged, pressure-joining may be performed under
pressurization conditions that do not easily damage the electrolyte membrane. |
Therefore, according to the manufacturing method of this a;bect,' cross-leaks and
short-circuits between the anode and the cathode due to damage sustained by the

-electrolyte membrane during manufacture of the membrane electrode assembly may be
suppressed. In f)anicular, the manufacmﬁng method accordfng to this aspect is highly‘
effective when applied to a membrane cleciro_de assembly that uses a relatively weak
solid polymer membrane as the electrolyte membrane. Alsd, hot-press joining; for
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example, may be applied as pressure-joining.

[0009] Inaddition, the pressure-joining may be performed under pressurization
conditions such that an adhesive fbrce between the electrolyte rﬂembrane, the catalyst -
layer, and the gas diffusion layer substrate in the catalyst layer forming region is greater
than th;a adhesive force between the electrolyte membrane and the gas diffusion layef
substrate in at least a portion of the catalyst layer non-forming region.

[0010] Here, the pressurization conditions under which the adhesive force
becomes great are eqﬁivalent to pressurization conditions under which the electrolyte

| membrane is easily damaged frdm heat and préssu?e, and the pressurization conditions
under which the adhesive force becomes low are equivalent to pressurization conditions
under which the electrolyte membrane is not easily damaged by heat and pressure.
Generally, the adhesive force increasés With increasing the pressurization pressure and
pressﬁrization temperature, and increasing the preésurization’timé. On the other hand,
the adhesive force decreases with decreasing the pressurization pressure and
pressurization temperature, and reducing the pressurization time.

| [o011] ' According to the maanécturing'mcthod of this aspect, in the mexﬁbrane

electrode assembly, the catalyst Ia_y_er also function's_ asa pfotective film that protects the
elcétrol&te membrane from damage in the catalyst layer forming region. Accordingly,
even if pressure-joining is pérformed under presSurization conditions that result in a
relatively strong adhesive force in this region, damage to the electrolyte membrane will
be relatively little. Thus, contact resistance may be decreased by increasing the
adhesive fbrce between the electrolyic membrane, the catalyst layer, and the gas diffusion
layer.  Also, in the catalyst layer non-forming region, pressure—joining is performed
_und:r pressurization conditions that result in an adhesive for.ce that is weaker than the
adhesive force in the catalyst layer forming region, so damage to the electrolyte
membrane may be reduced. | | ' o .
| [0012] In the manufacturing method of this aspect, the catalyst 1ayer non-forming
region may include a first catalyst layef non-forming .region on an outer periphery closest
to the catalyst layer, and a-se'cond ca,ta_lyst layer non-forming regiqn on an outer pcriphc;y
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of the first catalyst layer non-forming region. Fuﬁher, the pressure-joining may be
performed under the pressurization conditions such that the adhesive force between the
electrolyte membrane and the gas diffusion layer substrate in the second catalyst layer
non-‘forming region is greater than the adhesive force between the clectf_olyte membrane
and the gas diffusion layer substrate .in the first catalyst layer non-forming region.
Accordingly, the adhesive force between the gas diffusion layer substrate and the
electrolyte membrane in the_ sccdnd catalyst layer non-forming region on the outer
periphery of the first catalyst layer non-forming region may be made greater than the
adhesive force between the gas diffusion layer substrate and the electrolyte membrane in
the first catalyst layer non-forming region. ~ As a result, pealing at the boundary between
the gas diffusion layer substrate and the electrolyte membrane in the catalyst layer
non-forming regioﬁ of the membrane electrode assembly may bé suppressed. -

[0013] | In the manufacturing method of this aspect, the membrane electrode
assembly may be provided with a first gas diffusion layer substrate that is joined to one
side of the electrolyte membrane and a second gas diffusion layer substrate that is joined
to the other side of the electrolyte membrane, as thé gas diffusion layer. Also, the area

 of the first gas diffusion layer substrate may be snialler than the area of the electrolyte
membrane, and the area of the second gas diffusioh layer substrate may be larger fhan the
area of the first gas diffusion layer substrate. Further, the pressure-joining may bé
performed undef the pressurization conditions such 4that the adhesive force between the
electrolyte membrane and an outermost peripheral portion of the second gas diffusion
layer substrate is grcatér than the adhesive force between the electrolyte membrane énd '
the second gas diffusion layer substrate in the second catalyst layer non-forming region.
Also, a frame member that functions as a gasket may be formed on an outer peripheral

_portion of the catalyst layer non-forming regioﬁ. ‘

[0014) In a membrane electrode assembly in which_the gas diffusion iayer
substrate and the electrolyte membrane gencr;ally have the same outer shapes, a

- short-circuit may occur between portions of the anode and the cathode from an outer
peripheral portion of the first gas diffﬁsion layer substrate (such as the anode gas
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diffusion layer substrate) and an outer .peripheral portion of the sccoﬂd gas diffusi_on layer
substrate (such as the cathode gas diffusion layer substrate) that wrap around the
outermost peripheral portion of the electrolyte membrane at the outermost peripheral
portion of the membrane electrode assembly and come into contact with one another. In
order to pfcvcnt this kind of short-circuiting from occurring, the outer shapes of the
anode gas diffusion layer substrate and the cathode gas ﬁﬁsion_ layer substrate are
sometimes made different from one another. Also, when the membrane electrode
assembly is applied to a fuel cell, a gaslget, such as a resin or rubber frame member, may
‘be integrally formed on the outer peripheral portion.of the membrane electrode assembly.
In this éase, the frame member is often formed through inj éction molding. During
injection molding of the frame member, material for fonﬁing the frame member is often
injected from an outer peripheral portion of the mold. Accordingly, at this time, the |
inflow of the material may.cause peeling to occur at the boundary between the electrol&te
| membrane and the gas diffusion layer substrate. With the membrane electrode assembly .
of this aséect of ihe inven.tion, however, the pressure-joining may be performed under
_ pressurization conditions such that the adhesive force beﬁveen .thc electrolyte membrane
: and the outermost peripheral portion of the second gas diffusion layer substrate is greater
than the adhesive force between the electrolyte mefnbranc and the second gas diffusion
layer substrate in the second t;atalyét layer non-forming region, which supprcsécs pccling
“atthe boundary Between tfxe gas diffuéién layer substrate and the cléctmlyie membrane
during injeétion molding. Thus, if the outermost peripheral portion of the rhcuibrane
electrode assembly is cmbeddcd in the frame member, cross leaking will not occur
through the electrolyte membrane even if the electrolyte membrane sustains a relatively
large amount of damage in the region. | |
[0015] | A seoond'aépcct of the invention relates to a membrane electrode assembly,
The membrane electrode assembly is used in a fuel Eell and has a catalyst layer provided
on bdth sides of an electrolyte membranc and a gas diffusion layer provided on at least
‘one surface. In the membrane electrode assembly, the catalyst layer is formed bcﬁwcen
the electrolyte membrane and the gas diffusion layer, in a region which excludes a
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peripheral edge portion of a surface of a gas diffusion layer substrate that constitutes the
gas diffusion layer, and has an area smaller than the area of the gas diffusion layer
substrate. Also, i) ihe electrolyte membrane, the Acatalyst layer, ‘and the gaé diffusion
| layer substrate, or ii) the electrolyte membrane and the gas diffusion layer substrate are
joined together by pressure-joining in a catalyst layer hon-forming region, where the
catalyst layer is not formed in the surface of the electrolyte membrane, under a plurality
of pressuriz_atién conditions, which include pressurization pressure, pressurization
temperature, and pfcssuﬁzation time, at ieast one of which is different from at leés_t one of
the prcssurizaﬁon conditions under which pressure-joining is performed in a catalyst
layer forming region where the catalyst layer is formed. |

[0016] A third aspect of the invention relates to a membrane electrode assenibiy.
The membrane’ electrodé assembly is used in a fuel cell and Bas a catalyst layer provided
Qh‘both sides of an electrolyte membrane and a gas diffusion layer providéd on at least
c{me surface. ‘The catalyst layer is formed between the eléctrolytc membrane and the gas
-diffusion layer, in a region which excludes a peripheral edge portion of a surface of a gas
diffusion layer substrate that constitutes thé gas diffusion layer, and ilas an area smaller
than the area of the gas diffusion 4layer substrate. Also, adhesive force between the
electrolyte membrane, the catalyst iaycr, and the gas diffusion layér substrate in a catalyst
layer forming region, where the catalyst layer is formed, is greater than the adhcsivé force
between the electrolyte membrane and the gas diffusion layer substrate in a qatalyst layer
non-forming region, where the catalyst layer is not forméd, in the surfaqe‘ of the

membrane electrode assembly.

BRIEF DESCRIPTION OF THE DRAWINGS
[0017] The foregoing and further features and advantages of the invcnfion will
become apparent from the following description of example embodiments with reference |
- to the accompanying dmwings, wherein like num&als are used to represent like elements
and vyhereih: |
' FIGS. 1A and 1B are views schematically showing the structure of a membrane
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electrode assembly 100 according to a first embodiment of the invention;

FIG. 2 is a view illustrating a manufacturing process of the membrane electrode
assembly 100 according to the first embodimeﬁt;

FIGS. 3A and 3B are views schemaﬁcélly showing the structure of a membrane
electrode assémbly 100A according to a second embodiment of the invention; and

FIG. 4isa viewillustrating a manufacturing process of the membrane electrode

assembly 100A according to the second embodiment.

'DETAILED DESCRIPTION OF THE EMBODIMENTS
[0018] In the following description and the accompanying drawings, the present
invention will be descn'bed in greater detail with reference to embodiments. FIG lisa
view schematically showing the structure of a meipbranc electrode assembly 100 -
accordingAto a first-embodimcnt of the invention. This membrane electrode asselhbly
100 is used in 4 fuel cell. FIG 1A is a plan view of the membrane electrode assembly
100 as viewed from the anode, and FIG. 1B is a sectional view of the membrané clcctrodé
asscmbly 100 taken along line J-lin FIG. 1A.
[0019] As shown in FIG 1B, the membrane electrode assembly. 100 is formed by
lhminatihg an anode catalyst layer 130a and an anode gas diffusion layer 120a, in thc
‘sta}tcd order, to oné side of a proton-conducting electfolyte membrane 110, and
laminating a cathode catalyst layer 130c and a cathode gas diffusion layer 120c, in the
stated order, to the other éidcv of the proton-conducting electrolyte membrane 110.
| [0020] Inthe merﬁbranc electrode assembly 100 according to the first
cmbodimeht, the area of the anode gas diffusion layer 120a is substantially equal to the
area of the cathode gas diffusion layer 120c. Further, the areas of the anode gas
diffusion lgyér 120a and the cathode gas diffusion layer 120c are both smallef than the
area of the electrolyte membrane 110. As # result, a short circuit resulting from the
ccontact between an outer peripheral portion of the anode gas diffusion layer 120a and an -
outer peripheral portion of the cathode gas diffusion layer 120c wrapping around the
6utcrmost per_ipheral po'rtipri of the electrdlyie membrane 110 may be prevented.
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[0021]  Although a solid polymer cicctrolyte membrane is used as the electrolyte
membrane 110 in this embodiment, other suitable types of electrolyte membranes may
alsp be used. In addition, while carbon paper is used as the gas diffusion layer substrate
that constitutes the anode gas diffusion layer 120a and the cathode gas diffusion layer

.120c in this embodiment, other materials that suitably diffuse gas and conduct electricity-,
such as carbon cloth, may also be used as the gas diffusion layer substrate.

'[00;.2] Th&membran&elei;trodeassembly—lOQ—df—thi&cmbodiment—is—
manufactured using a hot-press, which will be described later, but it may also be - -
manufactured using other suitable pressure-joining methods. The anode catalyst layer
130a and the cathode catalyst layer 130c have the same area and are formed on opposing
regions sandwiching the clectfolyte membrane 110. In FIG. 1A, the region 120Ra
enclosed by the alternate long and short dash line indic:;,ltes the region in which the @ode .
catalyst layer 130a is formed between the electrolyte membrane 110 and the ano_de gas
diffusion layer 120a, as well as the region in which the cathode catalyst layer 130c is
formed between the electrolyte membrane 110 and the cathode diffusion éatalyst layer
120c. Thus the region 120Ra'may be regarded as a catalyst layer region of the
invention.

[0023] Also, the regioﬁ 120Rb, which is enclosed by the brokén line on the outer
periphery nearest the region 120Ra, represents the regioﬁ in which the anode catalyst
layer 130a is not formed between the el;:ctrolytc membrane 110 and the anode gas
diffusion layer 120a. ~Also, the region 120Rc, which is encloscd by the outer peripheral
sbl_id line on the outér periphery of fhe region 120Rb, represents the region where the |
cathode catalyst layer 13Qc is not formed between the clectrolyté ¥nembrane 110 and the
cathode gas diffusion layer 1260. That is, the anode catalyst layer 130a is formed in a
region having a smaller area than the area of the anode gas diffusion layer 120a, énd the
cathode catalyst layer 130c is formed in a region having a smaller area than the area of

 the cathode gas diffusion layer 120c so that almost the entire region of the anode éatalyst
layer 130a and almost the entire regidn of the cathode catalyst layér 130c, which are |

formed on the electrolyte membrane 110, are effectively used to generate electricity.

9
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The boundarfes of the region 120Rb and the region 120Rc may be set as appropriate.
However, the width of the region 120Rc is preferably as small as possible to minimize

| dainagc to the electrolyte membrane 110 by hot pressing in the region 120Rc, as will be
described later.  The difference between the region 120Rc and the region 120Rb will be
described later.  The region 120Rb and the region 120Rc may be"regarded as catalyst
layer non-forming regions of the invention. Also, the rcgioh 120Rb may be regé:dcd as
a first catalyst layer non-forming region of the invention, and the region 120Rc may be
regarded as a second catalyst layer non-forming region. |

[0024] Also in this embodiment, hot-press joining 1s performcd.under different
pressurization conditions for each of the regions described above during the

" manufacturing of the membrane clectrode assembly 100, as will be described. later.
* Hereinafter, the manufacturing process of the membrane electrode assembly 100 will bé
descriBed. |

[0025] FIG 2 is a view illustrating 'c; manufacturing process of the membrane
electrode ésscmbly 100 according to the first embodiment. First, the anode catalyst
layer 130a is formed on one side of the electrolyte membrane 110 and the cathode
catalyst layer 130c is formed on the other side of the electrolyte membrane 110 (step -

.S100).

[0026] In this embbdimcnt, the anode catalyst layer 130a is fdrmed by applying a
catalyst. ink to a region on one side of the electrolyte membrane 110, which excludes the
peripher_al edge portion of the surface of the electrolyte membrane 110 é_nd has a émaller
area than the area of the anode gas diffusion layer 120a, and then drying the catalyst ink.

~ Similarly, the cathode catalyst layer 130c is ‘fomied by applying the catalyst ink to a
;egion on ﬁc other sidé of the electrolth membrane 110, excluding the peripheral edge
- portion of the surface of the electrolyte membrane 110, that has a smaller area than mc
area of the cathode gas diffusion.iayer 120c, and then drying the catalyst ink. The
~catalyst ink is a mixture of i) ca_rbon that carries a catalyst metal such as platinum (Pt), for
',example, which. promotes the electrochemical reaction between hydrogen and oxygen, ii)
a Nafion dispersing solution (Nafion is a registered trademark) as the electrolyte solution, -
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and iii) a medium (such as water, ethanol, or polyethylene glycol). The mixture fraction
may be set as appropriate. | '
[0027] Next, the anode gas diffusion layer 120a is hot-press joined to the surface
of the anode catalyst.laycr 130a and the cathode gas diffusion layer 120c is hot-press
joined to the surface of the cathode gas catalyst layer 130c (step S110). |
[0028]  Instep S110, the region 120Ra is hot-pr_éss joined under pressurization
- .conditions in which the pressurization temperature is 80 °C and the pressurization
pressuire Pa is 2 MPa, the region 120Rb is hot-press joined under pressurization
- conditions in which the ptessuriiation temperature is 80 °C and the pressurization
pressure Pb is 0 MPa, and the region 120Rc is hot-press joined under pressurization
conditions in which the pressurization temperature is 80 °C and the pressurization
pressure Pc is 2 MPa. These values may be set as appropriate taking into a@unt the
_required adhesive force and the potential for damaging the electfolytc membraﬁc 110.
In this embodiment, the pressurization pressurés Pa, Pb, and Pc in the fegious 120Ra,
120Rb, and 120Rc, respectively, are set such that Pa = Pc > Pb (Pa > Pb at the very least). |
Also, the pressurization times for the regions 120Ra, 120Rb, and 120Rc are the same in
this embodiment. Gcncrally, a higher pressurization temperature, é higher |
pressurization pressure, and a longer pressurization time during hot-pressing rcsﬁlt in
greater adhesive force, while a lower pfe_ssurization temperature, a lower p_ressurization
pressure, and a shorter bressurization timé during hot-pressing rcsuit in less damage to |
the elecﬁolytc membrane 110 from heat and pressure. Therefore, the damage done to
the electrolyte membrane 110 in the region 120Rb is leés than the damage done to the
electrolyte membrane 110 in the region 120Ra or the region 120Rc.
[0029] Incidentally, in this embodimeﬁt, the pressurization témperature,
prgssurizatio'n' time, and preséurization pressure are the same for the regions 120Ra and
_ 120Rc, while the pre.ssﬁrization pressure for the region 120Rb is 0 MPa, so the hot-press
joining is performed by hot-prcssiné only once. Alternatively, however, it may also be -
performed broken down into a plurality of times for the regions 120Ré, 120Rb, and -
120Re. | | |
1.1
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[0030] The membrane electrode assembly 100 may be manufactured according to
the inanufacturing process described above.  Also, in addition, a fuel cell may be
manufactured by sandwiching the membran;: electrode assembly 100 between an anode
separator and a cathode separator.

[0031]  As described aBove, carbon fiber pile is present on the surface of the
carbon paper, which is used for the anode gas diffusion layer 120a and the cathode gas
diffusion layer 120c. Therefore, if hot-press joining with the same pressurization
conditions is performed over the gnti're surface of the membraﬂe clcctrode assembly 100
when manufacturing the membrahc electrode assembly 100, the electrolyte membrane
110 is susceptible to being damaged by the carbon fiber pile from the pressure during the -
hot-press joining in the regions where the anode catalyst-layer 130a and the cathode | |
Catalyét layer 130c are not formed on the surfaces of the electfolyte membrane 110, i.e.,
in the regions where the anode -gas diffusion layer 120a and the cathode gas diffusion
layer 120c are directly joined to the electrolyte membrane 110. Regions of the
electrolyte membrane 110 that have béen damaged are susceptible to short-ciréuiting

- between the anode and cathode, as §vell as cross-lcaking through the electrolyte
membrane 110. | ‘

[0032] With the membrane electrode assembly 100 according to the first
embodiment described above, in the region 120Rb where the electrolyte membrane 110 is
easily damaged, hot-press joining is performed with pressurization conditions that yield a
lower adhesive force than the region 120Ra where the elcctroiytc membrane 110 is not

easily damaged. That is, in the region 120Rb wheie-the electrolyte membrane 110 is
casily damaged; hot-press joining is performed under pressurization conditions that are
less likely to damag-e' the electrolyte membrane 110. Accordingiy, cross-leaks and
short-circuits between the anode and the cathode due to damage sustained by the B
‘electrolyte men_lbréne 110 during manufacture of the membrane electrode asserhbly 100
may be suppressed. |
o [0033]  Also, hot-press joining is performed in the region 120Rc, which is on the
outer peﬁphery of the region 120Rb, under pressurization conditions such that the
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adhesive force is greater than that in the region 120Rb.  As a result, it is possible ‘to
inhibit peeling at the boundary between the anode gas diffusion layer 120a and the.
 electrolyte membrane 110 at the outer peripheral portion of the anode catalyst layer 130a,
“and at the boundary between the cathode gas diffusion layer 120c and the elecirolyte

membrane 110 at the outer peripheral portion of the cathode catalyst layer 130c.

[0034] FIG. 3isaview schcinaticaily showing the structure of a membrane
electrode assembly 100A according to a second embodiment of the invention, with FIG
3A being a plan view of the membrane electrode assembly iOOAas viewed from the
anode, and FIG. 3B being a sectional view of the membrane electrode assembly 100A
taken along line IITII in FIG. 3A. | |

[0035] As shown in FIG 3B, the membrane electrode assembly 100A is formed
by laminating.an anode catalyst layer 130a and an anode gas diffusion layer 120a, in the
stated order, to one side of a proton-conducting electrolyte incmb;ane 110, and
lami_nating a éathodc catalyst layer 130c and a cathddc gas diffusion layer 120Ac, in the
stated order, to the other éide of the proton-conducting electrolyte membrane 110.

.[0036] However, with the membrane electrode assembly 100A of this
embodiment differs from the membrane electrode assembly 100 éf the ﬁrst gmbodiment
in that the area of the anode gas diffusion layer 120a is smaller than the area of the
cathode gas diffusion lﬁyer 120Ac. Also, the area of fhe cathode gas diffusion layer
120Ac is substantially equal to the area of the electrolyte membrane 110. Mtematively,
the area of the cathode gas diffusion layer 120Ac may have a smaller area than that of the
anode gas diffusion layer 120a, and the area of the anode gas diffusiQn layer 120a may be
made substaﬁtially equal to the érea of the electrolyte membré.ne .110. .This structure
also makes it possible to prevent short circuits from occurring between portions of an
outer peﬁpﬁeral portion of the anode gas diffusion layer 120a and an outer peripheral |
portion of the cathode gas diffusion layer 120Ac that Wrap around the edge of the
électrolyte membrane 110 and come into contact with one other. The anode gas |

_ diffusion layer 120a xﬁay be regarded as to a ﬁrsf gas diffusion layer substrate of the
invention, and the cathode gas diffusion layer 120c may be regarded as .a_‘.seqond gas
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diffusion layer substrate of the invention.

[0037] Furthermore, in this embodiment as well, a solid polymer electrolyte
membrane is used as the electrolyte membrane 110.  Also, carbon paper may be used as
the gas diffusion layer substrate that constitutes the anode gas diffusion layer 120a and
the cathode gas diffusion layer 120Ac. Alternatively, however, othér matéri_als that
suitably diffuse gas and conduct electricity, such as carbon cloth, may also be used as the
gas diffusion layer substraté. . _

[0038] The membrane electrode assembly 100A of this embodiment is also

- manufactured using a hot-press, which will be described later. The anode catalyst layer
130a and the cathode catalyst layer 130c have the same area and are formed on opposing
regions sandwi__ching the electrolyte membrane 110. In FIG. 3A, the region-120Ra
enclosed by thé al,tematé long and sh_oxt dash line, the region 120Rb enclosed by the

| broken line on the outer periphery nearest the rcgion 120Ra, and the region iZORc

‘ enclosed by the éolid line on the outer periphery of the région 120Rb are the same as thcy
are in the_ ﬁmt embodiment, As shown by FIG 3B, the region 120Rd lon the outer |
periphery of the fcgion 120Rb indicates the region where the anode gas diffusion layer
120a is not formed on the anode surface of .thé electrolyte meinbra__ﬂe 110. - Also, in this

" embodiment as well, hot-press j_oining is performed under the following conditions for
each of the regiéns described above when manufacturing the membﬁne electrode

~assembly 100A. Below, the manufacturing process of the membrane electrode assembly
100A will be described.

'. [0039] FIG 4 is a view illustrating a manufacturing process of the membrane »

. electrode assembly 100A according to the second embodiment. First, the anode catalysi
layer 130a is formed on one side of the electrolyte membrane 110 and the cathode
mtalys_t layer 130c is formed on the other side of the cléctrolytc membrane 110 (stgp

$200). This forming method is the same as that used in the first cmbodiment.”

' [0040]  Next, the anode gas diffusion layer 120a is hot-press joined to the surface
of the anode catalyst layer 130a and the cathode gas diffusion layer 120Ac is hot-press
joined to the surface of the cathode gas catalyst layer 130c (step S210). |

: : T _ .
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[0041] In this ste[; (i.e., step S210) in this embodiment, the regions 120Ra, 120Rb,
and 120Rc aré all hot-press joined under the same pressurization ;':onditions as described
in the first qmﬁodimcnt. | Also, the region 120Rd is hot-press joined under pressurization -
conditions in which the pressurization temperature is 80 °C and the pressurization
pressure is S MPa. These values may be set as appropriate taking into account ;he
required adhesive force and the potential for damaging the electrolyte membrane 110.

In this embodiment, the pressurization pressures Pa, Pb, Pc, and Pd in the regions120Ra,
120Rb, 120Rc, and 120Rd, respe&ively, are set such that Pd = Pa = Pc> Pb.  Also, in
this embodiment, the pressurization tlmcs for ihe regions 120Ra, 120Rb, 120Rc, and
120Rd are the same. | |

[0042] Furthermore, in this émbodiment, the pressurization pressure,
.prcssurization temperature, and pressurization time are the same fbr the regions 120Ra .

-and 120Rc, and the bressurization pressure for the region 120Rb is 0 MPa, so the
hot-press joining is performed by hot-pressing only once in the régio‘ns 126Ra, 120Rb,
~and 120Rc. The pressurization pressure for the region 120Rd is"S MPa, which is
different from the pressurization pressures of the‘ regions 120Ra, 120Rb, and 120Rc, so .
_the hot-press joining in the region 120Rd is performed at a differept timing than the
hot-press joining in the regions 120Ra, 120Rb, and 120Rc. |

[0043] The membrane electrode assembly 100A may be manufacturcd according
to the manufacturing process described above. Also, in addition, a fuel cell may be

- manufactured by sandwiching this mt;mbrané electrode assembly 100A Bctwccn an anode
~ separator and a cathode(separator.

[0044] Just like the membrane eiectrodc assembly 100 aocofding to the first
embodiment, the membrane electrode assembly 100A according to the second
embodiment described above also makes it possible to suppress cross-leaking and

'lshort-circuiting between the anode and the cathode from damage sustained by the
electrolyte membrane 110 during the manufacturing of the membrane electrode assembly

| 100A. Also, pecling at the boundary between the anode gas diffusion layer 120a and the
e_lcctrol&tc membrane 110 at the outer peripheral portion of the anode catalyst layer 130a,
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and the boundary between the cathode gas diffusion layer 120Ac and the electrolyte
membrane 110 at the outer peripheeal portion of the cathode catalyst layer 130c may be
* suppressed. - | ' |

[0045] The membrane electrode assembly 100A according to the second
embodiment further yields the following effects. That is, typically, when a membrane
electrode assembly is applied to a fuel cell, a resin or rubber frame member (not shown)
that functions as a gasket may be integrally formed on the outer peripheral portion of the
membrane electrode assembly In this caée the frame member is often formed by -
injection molding. Durmg the m]ectlon molding of the frame member, material for
forming the frame member is often injected from an outer peripheral portion of a mold
into the mold. ~ Accordingly, the inflow of the material may cause peeling at the '
boundary between the electrolyte membfane and the gas diffusion layer substrate. With
‘the membrane electrode assembly 100A according to this embodiment, the region 120Rd,
at the outermost peripheral portion of the cathode gas diffusion layer 120Ac, is hot-press
joined to the electrolyte membrane 110 under pressurizatioﬁ conditions that result in a
greater adhesive foree than at tihe other regions of the membrane electrode assembly
‘100A, which inhibits peeling at the boundary between the cathode gas diffusion layer
120Ac aﬁd the electrolyte membrane 110 during injection molding. Furthermore, if the -
region 120Rd is-embedded in the frame member, then cross leaking will not occur
through the electrolyte membrane 110 even if the electrolyte membrane 110 sustains a
relatively large a amount of damage in the region 120Rd.

[0046] While the invention has been described w1th reference to several
embochments, the invention is not limited to those particular embodiments. That is, the |
invention may be modified without departing from the scope thereof. Several possible
modifications are described below. |

[0047] Inthe .prooess for manufacturing the membrane electrode assemblies 100
end 100A according to the embodimeﬁts, the anode catalyst layer 130a and the cathode
catalyst layer 130c are formed on other sides of the electrolyte membrane 110 by
applying and drying a catalyst ink. However, the inventien is not limited to this. Fori
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example, the anode catalyst layer 130a may instead be fdnned by applying and drying
catalyst ink on the anode gas diffusion layer 120a, and the cathode catalyst layer 130c .
may also be formed by applying and drying catalyst ink on the cathode gas diffusion
layer 120c and 120Ac. In addition, the anode catalyst layer 130a may be formed on
both the electrolyte membrane 110 and the anode catalyst layer 120a, and the cathode
catalyst layer 130c may be formed on both the élcctrolyte membrane 110 and the cathode
catalyst layer 120c and 120Ac. o
[0048] In the foregoing embodiments, the pressurization pressure changes while
the pressurization temperature and the pressurization time are the same for each region,
ie., the region_ 120Ra, 120Rb, 120Rc, and 120Rd of the membrane ¢lectrode assemblies
100 and 100A durfng hot-press joining of the membrane electrdde assemblies 100 and |
' 1_60A. " However, the invention is not limited to thJS For example, at least one df '
plurality of prcséurization conditions that include the pressurization pressure, the
pressurization temperature, and the pfessurization time, may be changed for each region.
| _ [0049] In the first embodiment, the membraﬁe electrode assembly 100 is provided
with both the anode gas diffusion layer 120a and the cathode gas diffusion layer 120c, but -
‘the invention is not limited tb this. For example, one gés diffusion layer, from among
the anode gas diffusion layer 120a and the cathode gas diffusion layer 120c, mﬁy be
omitted. . _ |
[6050] In addition being stnictured as the manufacturing method of a membrane
electrode éssembly described above, the invention may afso be structured as a membrane
electrode assembly that is manufactured according to the foregoing manufacturing
method, as well as a fuel cell in which the membrane electrode assembly that is
manufactured according to the foregoing manufacturing method is used, anda
m_anufacturingAmethod of that fuel cell.  Also, the various additional elements described
above may also be applied to each of these modes.
(0051] While the invcntion.has been deSm'bcd with reference to example
embodiments thereof, it is to be understood that the invention is not limited to the
described embodiments or constructions. - To the _odntrary, .thé inventibn is intended to
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cover various modifications and equivalent arrangements. In addition, while the various
elements of the disclosed invention are shown in various example combinations and
configurations, other combinations and configurations, including more, less or only a

single element, are also within the scope of the appended claims.

18



WO 2008/129398 PCT/IB2008/000950
CLAIMS:

1.. A manufacturing method of a fuel-cell membrane electrode assembly that includes a
catalyst layéi provided on both sides of an electrolyte membrane and a gas diffusion layer
provided on at least one surface, the method compriéing:
forming the catalyst layer in a region of at least one of the electrolyte membrane and
a gas diffusion layer substrate that cdnstitutcs the gas diffusion layer, the region
_excluding a peripheral edge portion of the at least one surface and having an area smaller -
than the area of the gas diffusion layer substrate; and |
| joining the electrolyte membrane, the catalyst layer, and the 'gas diffusion layer
substrate via pressure-joining such that the catalyst layer is arfanged_ ina rcgion between
the électroljrte membrane and the gas diffusion layer substrate,
ﬁvherein the pressure-joining is performed in a catalyst layer non-forming region,
where the catalyst lafcr is not formed, in the surface of the electrolyte membrane under a
plurality of pressurization conditions which include pressurization pfessure,
pressurization temperature, and pressurization time during the pressure-joining, at least
one of which is different from at least one of the pressurization cc;nditions under which
pressure-joining is performed in a catalyst layer forming region, where thé catalyst layer

is formed.

2. The manufacturing method according to ciaim 1, wherein the pressuré—joining is
performed under pressurization conditioné such thét an édhesive force between the
electrolyte membrane, the catalyst layer, and the gas diffusion layer substrate in the
catalyst layer forming region is greater than'the"adhcf,sive force between the electrolyte '
membrane and the gas diffusion layer substrate in at least a pbrtipn of the catalyst layer

non-forming region.

*3. - The manufacturing method accordinglto'cléim 2, wherein the catalyst layer
non-forming région includes a first catalyst layer non-forming itcgion on an outer -
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periphery closest to the catalyst layer, and a second cétalyét llaycr non-forming regionon
an outer periphery of the first catalyst layer non-forming region; and the pressure-joining
is performed under the pressurization cc;nditions such that the adhesive force between the
electrolytc membrane and the gas diffusion layer substrate in the second catalyst layer
non-forming »rcgioh is greater than the adhesjvc force between fhe electrolyte membrane

“and the gas diffusion layer substrate in the first catalyst layer non-forming region.

4, The manufacturing method according to claim 3, wherein the membrane. cleétrode
assemﬁly is provided with a first gas diffusion layer substrate that is joined to one side of
the.electrdlytc membrane and a second gas diffusion layer substrate that is joined to the
other side of the clectrolyte membrane, as the gas diffusion layer; the area of the first gas .
diffusion layer substrate is smaller than the area.of the electrolyte membrane; the area of

: fhe second gas diffusion laycrA substrate is larger than the area of the first gaé diffusion
iayer substrate; and the pressure-joining is performed under the pressurization conditions
such that the adhesive force between the electrolyte membrane and an outermost

 peripheral portion of the second gas diffusion layer substrate is greater than. the adhesive
force between the clectrqute membrane and the secbnd gas diffusion layer substrate in_

the second catalyst layer non-forming region.

‘5. The manufacturing method according to any one of claims 1 to 4, further
obmprising:
forming a frame member that functions as a gasket on an outer pe_ripheral portion of

the catalyst layer non—fqrming region.

6. A fuel-cell membrane electrode assembly that includes a catalyst layer pro'vidcd on
both sides of an electrolyte membrane and a gas diffusion layer provided on at least one
surface, the fuel-cell membrane ‘electrode assembly characierizcd' in that:
the catélyst layer is formed between the electrolyte membrane and the gas diffusion
‘ l'ziycr, in a region which excludes a peripheral edge portion of a surface of a gas _diffusion . |
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layer substrate that constitutes the gas diffusion layer, and has an area smaller than the
area of the gas diffusion layer substfate; and

i) the electrolyte membrane, the catalyst layer, and the gas diffﬁ_sion layer substrate,
or ii) the electrolyte membrane and the gas diffusion layer sﬁbstrate are joined together
by pressure-joining in a catalyst layer nbn-forming region, where the catalyst layer is not
formed, in the surface of the clccﬁélyte membrane under a plurality of pressurization
conditions, which include pressurization pressure, pressurization temperature, and
pressurization time, at least one of which is different from af least one of the
pressurization conditions under which prcssuré—joining is performed in a catalyst layer

forming region, where the catalyst layer is formed.

7. A fuel-cell membrane electrode assembly that includes a cat.alyst. layer provided on
both sides of an electrolyte membrane and a gas diffusioﬁ lajrer provided on at least one
surface of the electrolyte membrane, the ﬁlel—céll membrane electrdde asécmbly
characterized in that:

 the catalyst layer is formed between the electrolyte membrane and the gas diffusion
layer, in a region which excludes a peripherél edge portion of a surface qf a gas diffusion
layer substrate that constitutes the gas diffusion layer, and has an area smaller than the

- area of the gas diffusion layer substréte; aﬁd » |

adhesive force between the electrolyte membrane, the catalyst layer, and the gas
diffusion layer suﬁstrate ina catalyst layer forfning region in the surface of the membrane
electrode assembly, where the catalyst layer is formed, is greater than the adhesive force

. between the electrolyte membrane and the gas diffusion layer subétratc in a catalyst layer

- non-forming region, where the cétalyst layer is not formcd, in the surface of the -

membrane electrode assembly.
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FIG.2
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FIG.4
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