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durability and good power generation performance is provided. Solution: A gas diffusion electrode substrate having: an electrically
conductive porous substrate and a microporous layer 1 on one side of the electrically conductive porous substrate; in which the
microporous layer 1 includes a dense portion A and a dense portion B; in which the dense portion A is a region containing a
fluorine resin and a carbonaceous powder having a primary particle size of 20 nm to 39 nm; in which the dense portion A has a
thickness of 30% to 100% with respect to the thickness of the microporous layer 1 as 100% and a width of 10 ym to 200 ym; and
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ABSTRACT

Problem: A gas diffusion electrode substrate satisfying both short circuit
resistance and flooding resistance and having high durability and good power
generation performance is provided.

. Solution: A gas diffusion electrode substrate having: an electrically conductive
porous substrate and a microporous layer 1 on one side of the electrically conductive
porous substrate; in which the microporous layer 1 includes a dense portion Aanda
dense portion B; in which the dense portion A is a region containing a fluorine resin
and a carbonaceous powder having a primary particle size of 20 nm to 39 nm; in
which the dense portion A has a thickness of 30% to 100% with respect to the
thickness of the microporous layer 1 as 100% and a width of 10 pm to 200 um; and |
in which the dense portion B is a region containing a fluorine resin and a

carbonaceous powder having a primary particle size of 40 nm to 70 nm.

‘Selected Drawing: none
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DESCRIPTION
GAS DIFFUSION ELECTRODE BASE, LAMINATE AND FUEL CELL |
TECHNICAL FiELD

[0001]

A fuel cell is a mechanism by which energy generated by reaction between
hydrogen and oxygen to produce water is electrically extracted. ~Since fuel cells
have high energy efficiency and emit only water, they are expected to become more
popular as clean energ&. The present invention relates to a ga;s diffusion electrode
substrate for use in a fuel cell. Among fuel cells, the invention particulaﬂy relates
to a gas diffusion electrode substrate for use in a)polymer electrolyte fuel cell, which

is used as a power supply for fuel cell vehicles, etc.
BACKGROUND ART

[0002]

An electrode for use in a polymer electrolyte fuel cell is sandwiched between
two separators in a polymer electrolyte fuel cell. Such an electrode is configured to
have, on each side of a polymer electrolyte membrane, a catalyst layer fqrmed on the

surface of the polymer électrolyte membrane and a gas diffusion layer formed on the

outer side of the catalyst layer. As separate members for forming gas diffusion

layers, gas diffusion electrode substrates have been distributed. Such gas diffusion
electrode substrates require properties such as gas diffusivity, electrical conductivity

for collecting the electricity generated in the catalyst layer, and water drainage for

~ efficiently removing moisture generated on the catalyst layer surface. In order to
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obtain such a gas diffusion electrode substrate, generélly, an electrically conductive
porous substrate having both gas diffusivity and electrical conductivity is used.
[0003‘]

As an electrically conductive porous substrate, specifically, a carbon felt, a-
carbon paper, a carbon cloth, or the like made of carbon fiber is used. In particular,
from the viewpoint of mechanical strength and the like, carbon papers are believed to
be the most préferable.

[0004]

Since a fuel cell is a system for electrically extracting the energy generated upon
production of water by reaction between hydrog_en and oxygen, an increase in fhe
electric load, that is, an increase in the current to be extrapted to the outside of the
cell, causes production of a large amount of water (water vapor). At alow
iemperatlire, such water vapor is condensed into water drops, which block pores of
the gas diffusion electrode substrate and thus reduce thé amount of gas (oxygen or
hydrogen) supplied to tﬁe catalyst layer, resulting in decreasing the voltage. This
pheﬁomenon is called “flooding”.

[OOOS]

In order to minimize the occurrence of flooding, a gas diffusion electrode
substrate is required to have water dréinage. As a means for enhancing the water
drainage, usually, a gas difﬁ;sion electrode substrate including an electrically
coﬁductive porous substrate that has been subjected to Water-repellént treatment is
used to increase water repellency..

[0006] |

In addition, when the water-repellent-treated electrically conductive porous
substrate is directly used as a gas diffusion electrode substrate, because its fiber mesh
is coarse, large water drops are produced as a result of the condensaﬁonbof water

vapor. This easily leads to flooding. = Therefore, in some cases, a cdating liquid
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having dispersed therein carbonaceous powder such as carbon black is applied to a
water-repellent-treated electrically conductive porous substrate, and the coating
liquid is then dried and sintered to provide a so—calléd microporous layer (which is
also referred to as microporous layer). There is a known technology which allows
this micrdporous layer to contain a fluorine resin as a water-repellent resin in order to

impart water-repellency also to the microporous layer (Patent Documents 1 and 2).

Citation List

Patent Documents

[0007]

Patent Document 1: JP 3382213 B2

Patent Document 2: JP 2006-4879 A

'SUMMARY OF INVENTION

Technical Problem
[0008]

However, the technologies disélosed in the above-mentioned Patént Documents
1 and 2 may allow the carbon fibers protruded from the electrode substrate surface to
prick the polymer electrolyte membrane, thereby causing short circuit and reaction
gas cross leakage and reducing the power generation performance of a fuel cell over
time. |
[0009]

An object of the present invention is to prb'&ide a gas diffusion electrode
substrate that overcomes such drawbacks of the conyentional technologies and |

achieves both durability and rﬂooding resistance.
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Solution to Problem
[0010]

In order to solve the above problems, the present invention employs the following means.
[0011]

A gas diffusion electrode substrate including:

an electrically conductive porous substrate and

a microporous layer 1 on one side of the electrically conductive porous substrate;

in which the microporous layer 1 includes a dense portion A and a dense portion B;

in which the dense portion A is a region including a fluorine resin and a carbonaceous powder
having a primary particle size of 20 nm to 39 nm;

in which the dense portion A has a thickness of 30% to 100% with respect to the thickness of
the microporous layer 1 as 100%, and a width of 10 pm to 200 um; and

in which the dense portion B is a region including a fluorine resin and a carbonaceous powder
having a primary particle size of 40 nm to 70 nm.
[0012]

The present invention includes a laminate having a catalyst layer on the microporous layer
side of the above-mentioned gas diffusion electrode substrate.
[0013]

The present invention includes a fuel cell having the above-mentioned gas diffusion electrode
substrate.
[0013a]

The present invention includes a gas diffusion electrode substrate comprising:

an electrically conductive porous substrate and

a microporous layer 1 on one side of said electrically conductive porous substrate;

Date Recue/Date Received 2023-01-31
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wherein said microporous layer 1 comprises a dense portion A and a dense portion B, said
dense portion B having concaves which are filled with said dense portion A;

wherein said dense portion A is a region including a fluorine resin and a carbonaceous powder
having a primary particle size of 20 nm to 39 nm;

wherein said dense portion A has a thickness of 30% to 100% with respect to the thickness of
said microporous layer 1 as 100% and a width of 10 pum to 200 pm; and

wherein said dense portion B is a region including the fluorine resin and a carbonaceous

powder having a primary particle size of 40 nm to 70 nm.

Advantageous Effects of Invention
[0014]

The use of the gas diffusion electrode substrate according to the present

Date Recue/Date Received 2023-01-31
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invention enables an attempt to be made to achieve both short circuit resistance and
flooding resistance and thus can provide a fuel cell having high power generation

performance and high durability.

. BRIEF DESCRIPTION OF DRAWINGS

[0015]
Fig. 1 is a schematic diagram showing the configuration of an example of the
gas diffusion electrode substrate of the present invention.

Fig. 2 is a schematic diagram showing the configuration of another example of

the gas diffusion electrode substrate of the present invention.

DESCRIPTION OF EMBODIMENTS

[0016]

The gas diffusion electrode substrate of the present invention includes a
microporous layer 1 on at least one side of an electrically conductive porous
substrate.

[0017] |

Speciﬁcally, as the electrically conductive porous substrate, for example, it is
preferable to use a carbon-fiber-containing porous substrate such as a carbon fiber
fabric, carbon fiber paper-like body, carbon fiber non-woven fabric, carbon felt,
carbon paper, or carbon cloth, or a metal porous substrate such as a foamed sintered
metal, métal mesh, or an expanded metal. Among them, from the viewpoint of
excellent corrosion resistanée, it is preferable to use a carbon-fiber-containing porous
substrate such as a éarbon felt, carbon paper, or carbon cloth. Fuﬁher, in terms of

excellent “springiness”, that is, the property of absorbing dimensional changes in the
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thickness direction of an eiectrolyte membrane, it is pféferable 10 use a substrate
made of carbon fiber paper-like bodies bound together with a carbide, that is, a
carbon paper. |

[0018]

With a view to enhancing gas diffusivity, it is preferable to make the thickness
of the electrically conductive porous substraté smaller. The electrically conductive
porous substrate has a thickness of preferably 220 um or less, more preferably 150
um or less, particularly preferably 120 pm or less. }iaving too small a thickness
reduces the mechanical strength and makes it difficult to handle the electrically
conductive porous substrate in production processes, owing to which the thickness is
preferably 70 pm or more.

[0019] ,

As the electrically conductive porous substrate, one subjected to water-repellent
treatment is preferably used. Since a fluorine resin acts as a water-repellent resin,
the electrically conductive porous substrate preferably contains a water-repellent
resin such as a fluorine resin.  Examples of fluorine resins include PTFE o
(polytetrafluoroethylene) (e.g., “Teflon” (registered trademark)), FEP
(tetrafluoroethylene-hexafluoropropylene copolymer), PFA (perfluoroalkoxy fluoride
resin), ETFA (ethylene-tetrafluoroethylene copolymer), PVDF (pdlyvinylidene
fluoride), and PVF (polyvinyl fluoride). PTFE, which shows strong water
repellency, or FEP is preferred.

[0020] - '

The amount of the water-repeilent resin contained is not limited to a partiéﬁlar
value, and is preferably about 0.1% by mass to 20% by mass ‘in a total of 100% by
mass of the electrically conductive porous substrate. The contained amount below
0.1% by mass may not allow the water repellency to be sufficiently produced. On

the other hand, the contained amount exceeding 20% by mass may cause pores
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sérving as the gas diffusion pafh or the water drainage path to be blocked and may
increase the electrical resistance. <
[0021] |

As methods of the Water~repe11vent treatment of the electrically conductive
porous substrate, a treatment technique by immersion of the electrically conductive
porous substrate in a dispersion containing a generally known water-repellent resin,
és well as a céating technique by applicatioﬁ of a water-repellent resin to the
electrically conductive porous substrate by die coating, spray' coating, or the like may
be applied. Processing by a dry process such as sputtering of a fluorine resin to an
electrically conductive porous substrate may also be applied.  After the water-
repellent treatment, a drying step, a sintering step, and/or the like may be further
included, if necessary.
[0022]

Next, the micropbrous layers are described below. In this regai"d, the teﬁn

“microporous layer” alone refers collectively to the below-mentioned microporous

" layer 1 and microporous layer 2.

[0023]

The microporous layer, in other Words; the microporous layer 1 and the
microporous layer 2, is a layer containing a carbonaceous powder and a fluorine
resin.

[0024]

Examples of carbonaceous powders include carbon black, carbon nanotube,
carbon nanofiber, graphene, graphite, and the like. Among these carbonaceous -
powders, carbon black 1s preferably used from the viewpoint of low c;os;t, high safety,
and high stability of product quality. A carbon black used as a carbonaceous -
powder, acetylene black is prefel;ably used because it contains less impurities, and is

therefore less likely to reduce the activity of a catalyst.
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[0025]

In addition, thé microporous layer is required to have properties such as
electrical cénductiﬁty, gas diffusivity, water dréinage, moistu;e retention, and
thermal conductivity, as well as strong acid resistance in the anode side and
oxidation resistance in the cathode side inside a fuel cell. Therefore, the
micropo;rous layer contains a fluorine resin in addition to the carbonaceous powder.
Exémples of the ﬂuorine resin contained in the microporous layer include PTFE,
FEP, PFA, and ETFA, similarly to the fluorine resin preferably used for the water-
repellent treatment of the electrically conductive porous substrate.. From the
viewpoint of particularly high water repellency, PTFE or FEP is preferable.

[0026] '

The microporous layer may be composed of a plurality of layers, i.e., two or
more layers. A plurality of layers in the microporous layer are called the
microporous layer 1, the microporous layer 2, etc., respectively from the electrically
conductive porous substrate side.

[0027]

The functions of the microporous layer are (1) protection of a catalyst layer, (2)

prevention of condensation of water vapor generated at the cathode, and the like.

To achieve the effect of protection of a catalyst layer among these, the microporous

- layer preferably has a certain degree of thickness.

[0028] |

The thickness of the microporous layer 1 is preferably more than 10 pm and 60
pm or less in terms of dried film thickness, considering the roughness of current
electrically conductive porous substrates. The microporous layer 1 having a
thickness of 10 um or less may allow thé above-mentioned catalyst layer protection
effect to be insufficient. The ihickﬁess exceeding 60 nm may reduce the gas

diffusivity of the gas diffusion electrode substrate itself and increase the electrical
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resistance. From the viewpoint of increasing the gas diffusivity or reducing the
electrical resistance, the microporous layer 1 has a thickness of preferably 50 pm or
less, more preferably 40 pum or less.

[0029]

The microporous layer 2 has a thickness of preferably 0.5 um or more, more
preferably 1 pm or more. The microporous layer 2 having a thickness of 0.5 pm or
more is preferable in view of the .Iarger'catalyst layer protection effect and higher |
short circuit resistance. In addition, the thickness of the microporous layer 2 is
preferably 10 um or less, more preferably 7 um or more. The microporous layer 2
having a thickness of 10 pm or less allows the gas diffusion electrode substrate to
have lower electrical resistance and higher gas diffusivity; and allows the fuel cell to

have higher power generation performance.

© [0030]

The microporous layer 1 (2) includes a dense portion A (3) and a dense portion
B (4) (Fig. 1). Here, the dense portion A is a region including a fluorine resin and a

carbonaceous powder having a primary particle size of 20 nm to 39 nm, and the

dense portion B is a region including a fluorine resin and a carbonaceous powder

having a primary particle size of 40 nm to‘ 70 nm. The dense portion A has a
thickness of 30% to 100%, with respect to the thickness of thé microporous layer 1
as 100%, and a width of 10 pm to 200 pm.

[0031] ‘

‘The dense portion A has a thickness of preferably 40% or more, more
preferably 50% or more, with respect to the thickness of the microporoﬁs layer 1 as
100%. The dense portion A having a thickness of 30% or more can inhibit the -
microporous layer 1 from breaking. The dense portion A has a thickness of
preferably 95% or less, more preferably 90% or less, with respect to the thickness of

the microporous layer 1 as 100%. The dense portion A having a thickness of 100%
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or less does not allow the dense portion A to enter the electrically conductive porous
substrate (1), and accordingly the gas diffusivity is not reduced, thus affording both
power generation performénce and short circuit resistance. |

[0032]

Here, the expression “can inhibit the microporous layer 1 from breaking”
specifically means that a difference (T(0.15) - T(3.00)) betwecn‘the thickness of a
gas diffusion electrode substrate under a pressure of 0.15 MPa T(0.15) and the.
thickness of a gas diffusion electrode substrate under a pressure of 3.00 MPa T(3.00)
becomes smaller. This increases the short circuit resistance of the gas diffusion
electrode substrate. |
[0033] |
| The”c-lﬁénse portion A has a width of preferably 15 pm or more, more preferably
20 um or more. The dense portibn A having a width of 10 pm or more can inhibit
the microporous layer 1 from breaking. The.‘dense portion A has 'a width of
preferably 150 pm or less, more preferably 100 um or less. The dense portion A
having a width of 200 pm or less does not allow the in-plane direction gas diffusivity
of the microporous layer 1 td be reduced, thus affording both power generation
performance and short circuif resistance. A method of measuring the width of the
dense bortion A will be described below.

[0034]

The cafbonaceous powder contained in the dense portion A has a primary
particle size of preferably 23 nm or more, more prefelfa_bly 26 nm or more. The 20
nm or more primary particle size of the carbonaceous powder contained in the dense
portioﬁ A allows the dense portion A to have a larger pore sAize, and allows the dense

portion A to have higher gas diffusivity. The carbonaceous powder contained in the

*"dense portion A has a primary particle size of preferably 37 nm or less, more

preferably 35 nm or less. The 39 nm or less primary particle size of the
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carbonaceous powder contained in the dense portion A allows the dense portion Ato
have a larger density, and can inhibit the microporous layer 1 from breaking. -
[0035] |

The carbonaceous powder contained in the dense portion B has a primary
particle size of preferably 43 nm or more, more preferably 46 nm or more. The 40
nm or more primary particle size of the carbonacebus powder contained in the dense
portion B allows tlhe dense portidn B to have a larger pore size, and allows the dense
portion B to have higher gas diffusivity. The carbonaceous powder contained in the
dense pbrtion Bhasa primary particle size of preferably 65 nm or less, more
preferably 60 nm’or less. The 70 nm or less primary particle size of the
carbonaceous powder contained in the dense portion B allows the dense portion B to
achieve enhanced smoothness, the adhesiveness between the gas diffusion electrode
substrate and the catalyst layer to be enhanced, the electrical resistance to be sméller,
and the power generation performance to be enhanced. | |
[0036]

In a more preferred aspect, the gas diffusion electrode substrate of the present
invention further has, on the microporous layer 1, a microporous layer 2 (5) which

contains a fluorine resin and a carbonaceous powder having a primary particle size of

20 nm to 39 nm, and which has a thickness of 10 um or less (Fig. 2). The

carbonaceous powdér contained in the microporous layer 2 has a primary particle
size of xhore preferably 26 nm or more. The 20 nm or more primary particle size of
the carbonaceous powder contained in the microporous layer 2 allows the
microporous layer 2 to have a larger pore size, and the microporous layer 2 to have
higher gas diffusivity. The carbonaceous powder contained in the microporeus
layer 2 has a primary particle size of more preferably 35 nm or less. The 39 nm or
less primary particle size of the carbonaceous powder cdntained in the microporoué

layer 2 allows the microporous layer 2 to have a larger density, and the microporous
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layer 2 to be less prone to breaking, affording higher short circuit resistance.
[0037] |

Here, for the primary particle size of the carbonaceous powder, a phofo graph of
the carbonaceous powder is taken at a magnification ratio of 500,000 or more using
a microscope such as a scanning electron microscope, a transmission electron
microscope, and the like to measure the sizes of 100 particles of the carbonaceous
powder, and the average value thereof is regarded as the primary particle size of the
carbonaceous powder. As the scanning electron microscope, S-4800, made by
Hitachi, Ltd., or its equivalent may be used. In measurement using a scanning
electron microscope, an ion milling apparatus such as IM4000, made by Hitachi
High-Technologies Corporation, is used to cut the gas diffusion electrode substrate in
the thickness direction, and the perpéndicular cross-section (cross-section in the
thickness direction) can be observed with a scanning electron microscope, followed
by calculating the thickness based on the image observed.

[0038]

The difference (T(0.15) - T(3.00)) between the thickness of a gas diffusion
electrode substrate under a pressure of 0.15 MPa T(0.15) and the thickness of a gas
diffusion electrode substrate under a pressure of 3.00 MPa T(3.00) is preferably 30
pm or more, more preferably 40 pm or more. The T(0.15) - T(3.00) value of 36. pm
or more allows the thickness of the gas diffusion electrode substrate to vary in
response to the swelling-shrinking of the electrolyte membrane inside a fuel cell, and
thus the pressﬁre applied to the electrolyte membrane is uniformized, owing to which
the durability of the fuel cell is enhanced. The T(0.15) - T(3.00) value is preferably -
60 um or less, more preferably 55 pmorless. The T(0.15) - T(3.00) value of 60 um

or less allows the gas electrode substrate to be less prone to cause protrusion of the

carbon fibers from the surface thereof, have higher short circuit resistance, and

enhance the durability of the fuel cell.
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[0039]

The pore size peak of the dense portion B is preferably larger than the pore size
peak of the dense portion A. The pore size peak of the dense portion B being larger
than the pore size peak of the dense portion VA allows the dense portion B to have
higher gas diffusivity, and the dense portion A to work to inhibit the microporous
layer 1 from breaking, whereby the power generation performance and the short
circuit resistance can both be achieved.

[0040] |

In addition, the pore size peak of the dense portion B is preferably larger than
the pore size peak of the microporous layer 2. The pore size peak of the dense
portion B being larger than the pore size peak of the microporous layer 2 facilitates
water transfer from the microporous layer 2 to the dense portion B, and allows the
gas diffusion electrode substrate to have high water drainage performance. In
addition, the presence of the microporous layer 2 having a smaller pore size on the
surface of the gas diffusion electrode substrate allows the gas diffusion electrode
substrate to achieve enhancéd smoothness, enhanced adhesiveness between the gas
diffusioﬁ electrode substrate and the catalyst layer, and smaller electrical resistance,
whereby the gas diffusion electrode substrate achieves enhanced power generation
performancé.

[0041]

The dense portion A has a pore size peak of preferably 0.05 pm or more, more
preferably 0.07 pm or more. The dense portion A having a pore size peak of 0.05
pm or more allows the dense portion A to have higher gas diffusivity, an@
accordingly allows the gas difﬁlsion electrode substrate to have higher power
generation performance. In addition, the dense portion A has a pore size peak of
preferably 0.20 pm or less, more preferably Oy..18 pm or less. The dense portion A

having a pore size peak of 0.20 um or less allows the dense portion A to be less
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prone to breaking, and this can inhibit the microporous layer 1 from breaking, owing
to which the higher short circuit resistance is achieved. The pore size peak of ‘the
dense portion A can be controlled by varying the primary particle size of the
carbonaceous powder contained in the dense portion A and the pore size peak of thé
dense portion B. Reducing the pore size peak of the dense portion B or reducing
the i)ﬂmary particle size of the carbonaceous powder contained in the dense portion
A reduces the pore size peak of the dense portion A.
[0042] |

The dense portion B has a pore size peak of preferably 0.21 pm or more, more
preferably 0.30 um or more. The dense portion B having a pore size peak of 0.21
pum or more allows the dense portion B to have higher gas difﬁlsivity, and
accordingly allows the gas diffusion electrode substrate to have higher power
generation performance. In addition, the dense portion B has a pore size peak of
preferably 0.60 pum or less, more preferably 0.50 pm or less. The dense portion B
having a pore size peak of 0.60 pum or less allows the dense portion B to be less
prone to liquid water aggregation thereinsidé, thus affording enhanced flooding
resistance. The pore size peak of the dense portion B can be controlled by varying
the primary particle size of the carbonaceous powder contained in the dense pbrtion
B and the amount of ﬂﬁorine resin contained in the dense portion B. Increasing the
primary particle size of the carbonaceous powder contained in the dense portion B or
reducing the amount of fluorine resin contained in the dense portion B increases the
pore size peak of the dense portion B.
[0043]

The microporous layer 2 has a pore size peak of preferably 0.05 um or more,

more preferably O.Q7 {m or more. The’ microporous layer 2 having a pore size peak
of 0.05 um or more allows the microporous layer 2 to have higher gas diffusivity,

and accordingly allows the gas diffusion electrode substrate to have higher power .
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generation performance. The microporous layer 2 has a pore size peak of
preferably 0.20 pm or leés, more preferably 0.18 ym or less. The microporous layér
2 having a pore size peak of 0.20 um or less allows the microporous layer 2 to be less
prone to breaking, owing to which higher short circuit resistance is échieved. The
pore size peak of the microporous layer 2 can be controlled by varying the primary
particle size of the carbonaceous powder contained in the microporous layer 2 and
the pore size peak of the denée portion B. Reducing the pore size peak of the dense
porﬂon B or reducing the primary particle size of the carbonaceous powder cqntained
in the microporous layer 2 reduces the pore size peak of the micrqporous layer 2.
[0044] ,

The contact angle between water and the microporous layer side surface of the
gas diffusion electrode substrate is preferably 130 degrees or more. - It is more

preferably 135 degrees or more. The contact angle of 130 degrées or more to water

" allows the microporous layer to be less prone to water condensation thereinside, thus

affording high flooding resistance. The contact angle between water and the
microporous layer side surface of the gas diffusion eiectrode substrate is preferably
170 degrees or less. It is more preferably 160 degrees or less. The contact angle
of 170 degrees or less to water enhances the adhesiveness between the microporous
layer and the catalyst layer, and enhances the durability of a fuel cell.
[0045] |

The numbér of fluffy points of the electrically conductive porous: substrate is
preferably 1.0 point/cm? or less, more preferably 0.7 points/cm? or less. The 1.0
point/cm? or less number of flufty poinfs of the electrically conductive porous
substrate allows the carbon fibers to less frequently prick the polymér électrolyte
membrane, whereby the durability.of a fuel cell is enhanced. The smaller the
number of fluffy points of the electrically conductive porous substrate is, the more

preferable it is, and it is usually 0.1 points/cm® or more. Here, the number of fluffy
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points of the electrically conductive porous substrate refers to a value determined by:
observing a side of the electrically conductive porous substrate using a digital

microscope; counting the number of carbon fibers protruding 100 um or more from

_ the surface of the electrically conductive porous substrate; and dividing the number.

by a measurement area determined from the tdp surface of the electrically conductive
porous substrate. |
[0046] .

The number of fluffy innts of the microporous layer side of the gas diffusion
electrode substrate is preferably 0.5 points/cm? or less, more preferably 0.2
points/cm? or less. | Thé nurhber of fluffy points of 0.5 points/cm? or less, as
measured on the microporous layer side of the gaé diffusion electrode substrate,
allows the carbon fibers to less frequently prick the polymer electrolyte membrane,

whereby the durability of a fuel cell is enhanced.  The smaller the number of fluffy

- points measured on the microporous layer side of the gas diffusion electrode

substrate is, the more preferable it is, and it is usually 0.01 pc‘)i'nts/cm2 or more.
Here, the number of fluffy points of the gas diffusion electrode substrate refers to a
value determined by: observing a side of the gas diffusion electrode substrate using a
digital rmicrolscope_; counting the number of carbon fibers protruding 100 Hm or more
from the microporous layer side surface of the gas diffusion electrode substrate; and
dividing the number by a measﬁrement area determined from the top surface of the
gas diffusion electrode substrate. |
[0047]

A method of producing a gas diffusion electrode substrate having a microporous
layer on one side of an electrically conductive porous substrate is commonly a

method in which a coating liquid for formation of a microporous layer (hereinafter

-referred to as a microporous layer coating liquid) is applied to an electricélly

conductive porous substrate. A microporous layer coating liquid contains, for
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example, the above-mentioned carbonaceous powder, a fluorine resin, and a
dispersion medium such as water or alcohol. In addition, as a dispersant for
dispersing a carbonaceous powder and a fluorine resin, a surfactant or the like is
often included therein.
[0048]

As émethod of forming a microporous layer on an electrically conductive
porous substrate, there is known a transfer method in which a substrate film such as a

PET film is once coated with a microporous layer coating liquid to form a

microporous layer, then the microporous layer face is pressed and bonded onto the

electrically conductive porous substrate, and the substrate film is peeled off.
However, the transfer method may complicate the production processes or fail to
afford sufficient adhesiveness between the electrically conductive porous substrate
and the microporous layer. Owing to this, a method of forming a microporous layer
ié preferably a method in which an electrically conductive porous substrate is coated
with a microporous layer coating liquid.

[0049]

The microporous layer may be composed éf a plurality of layers, i.e., two or
more layers. A microporous layer having a plurality of layers is preferably formed
by applying a microporous layer coating liquid a plurality of times.

[0050] |

A microporous layer coating liquid used to make the dense portion A preferably
has a composition different frém a composition that a microporous layer coating
liquid used to make the dense portion B has. The dense portion A and the
microporous layer 2 are preferably made using a microporous layer c:oatinA,oD liquid
having the same composition. Below, the micfoporous layer cdating liquid for the
dense poi'tion A, the microporous layer boating liquid for the dense portion B, and

the microporous layer coating liquid for the microporous layer 2 are described as the
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microporous layer coating liquid A, the micréporous layer coating liquid B, and the
microporous layer coating liquid 2 respectively.
[0051]

The application of the microporous layer coating liquid to the electrically
conductive porous substrate can be carried out using various kinds of commercially
available coating devices. Examples of coating methods that may be used therefor
include screen printing, rotary screen printing, spraying, intaglio printing, gravure
printing, die coating, bar coating, blade coating, knife coating, ink jet coating, and

the like. Dye coating is prefexred since the coating amount can be made constant

independent of the surface roughness of the electrically conductive porous substrate.

In a case where a gas diffusion electrode substrate is incorporated in a fuel cell and
where smoothness of the microporous layer surface is required for increasing its

adhesion to a catalyst layer, a blade coater or a knife coater is preferably used. The

~ above examples of the coating method are merely for the illustration purpose, and the

method is not limited thereto.
[0052]

First, the electrically conductive porous substrate is coated with the microporous
layer coatipg liquid B to form the dense portion B. The dense portion B is provided
with concaves in which therdense portion A is formed later. Examples of preferable
methods of forming such a dense portion B include: a method in which the

electrically conductive porous substrate is coated with the microporous layer coating

liquid B in patterned form using screen printing or gravure printing; a method in

which a slit die coater is used for coating in sheet form, 'c_md then the resulting coating
is dried and is théreby provided with cracks; a method in which a slit die coater is
used for coating in sheet form, and then the resulting coating film is mechanically
scoréd and is thereby provided with concaves; a method in which a slit die coater is

used for coa':ting in sheet form, and then the resulting coating film is provided with
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concaves by laser processing.
[0053] 7

The dense portion A is preferably made such that the concaves of the dense
portion B are filled with the dense portion A, by preparing the dense portion B
provided with concaves as above-mentioned, and then coating it with the
microporous layer coating liquid A, and drying it.

[0054]

The microporous layer 2 may be formed by forming the dense portion A and the
dense portion B followed by applying and drying the microporous layer coating
liquid 2 thereon, or the dense portion A and the microporous layer 2 may be
simultaneously formed by forming a thick coating in applying the dense portion A.-
Using the same composition for the micropoiﬂous layer coafing liquid A and the
microporous layer coating liquid 2 is preferable bécause the simultaneous formation
ilsing thick coating can be carried out as above-mentioned.

[0055]

The concentration of the carbonaceous powder in the microporous layer coating
liquid is preferably 5% by mass or more, more preferably 10% by mass or more,
from a productivity viewpoint. There is no upper limit to the concentration as long
as the viscosity, the dispérsion stability of the electrically conductive particles, the
coating properties of the coaﬁﬁg liquid, and the like are suitable. In practice, the
microporous layer coating liquid with the carbonaceous powder concentration of
more than 50% by mass may lose suitability needed for a coating liquid, and
accordingly the concentration is preferably 50% by mass or less.

[0056]

In order to enhance the dispersibility of the carbonaceous powder in the

microporous layer éoating liquid, a dispersant is preferably gdded in preparing the

microporous layer coating liquid.
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[0057]

In order to adjust the viscosity of the microporous layer coating liquid, a
ﬂﬁckgner may be added. As a thickener used here, one which is generaily known |
can be used. Examples of thickeners preferably used include methyl cellulose-
based, polyethylené glycol-based, or polyvinyl alcohol-based thickeners.

[0058]

One substance having the functions of both the dispersant and the tﬁickener may
be used, or materials each suitable for each function may be selécted. In cases
where the thickener énd the dispersant are separately selected, it is preferred to select
those that do not destroy the dispersion system of the carbonaceous powder and the
dispersion system of the fluorine resin, which is a water-repellent resin. The
dispersant and the thickener are herein collectively referred to as surfactant. The
total amdunt of the surfactant is preferably 50 parts by mass or more, more
preferably 100 parts by mass or more, still more preferably 200 I;arts by mass or
more, with respc;:t to the mass of the carbonaceous powder as 100 parts by mass.
The upper limit of tﬁe added amount of the surfactant is preferably 500 parts by mass
or less, with respect to the mass of the carbonaceous powder as 100 parts by mass.
The added amount exceeding this may cause the generation of vapor and
decomposition gas to increase in a subsequent sintering step.

[0059]
After the application of the microporous 1ay§r coating liquid, the dispersion

medium (water, in cases of an aqueous system) in the microporous layer coating

| liquid is removed by drying, if necessary. In cases where the dispersion medium is

water, the temperature during the drying after the application is preferably from room
temperature (about 20°C) to 150°C, more preferably from 60°C to 120°C. The
drying of the dispersion medium may be carried out simultaneously with the later

sintering step.
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[0060]

Preferably, after the a‘pplicationv of the microporous layer coating liquid,
sintering is carried out for the purpose of removing the surfactant used for the
microporous layer coating liquid, and for the purposé of once dissolving the water-
repellent resin to bind the carbonaceous powder.

[0061]

The sintering is preferably carried out at a temperaaﬁe of 250°C to 400°C,
although the temperature depends on the boiling point or the decomposition
temperature of the surfactant added. In cases where the sintering temperature is less
than 250°C, the removal of the surfactant may be insufficient, or some time may be |
required for complete removal of the surfactant. In cases where the sinteﬁng
temperature exceeds 400°C, degradation of the water-repellent resin may occur.
[0062]

From a productivity viewpoint, the sintering time is as short as possible,

~ preferably 20 minutes or less, more preferably 10 minutes or less, still more

preferaEly 5 minutes or less. However, sintering in a very short period may cause
rapid generation of vépor of the surfactant and decoinposition organism, and poses a
risk of ignition in cases where the sintering is carried out in the air. The sintering
time is preferably 10 seconds or more, more preferably 20 seconds or more, still
more preferably 30 seconds or more.

[0063]

A manufacturing apparafus suitable for production of the gas diffusion electrode
substrate of the present invention includes: an unwinding machine for unwinding a
long electrically conductive porous substrate wound in a roll shape; a first coater for
application of a microporous layer coating liquid A to an electrically conductive
porous substrate unwound by the ﬁnwinding machine; a second coater for application

of a microporous layer coating liquid B or a microporous layer coating liquid 2 to the
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electricélly conductive porous substrate to which the microporous layer ‘éoating
liquid A has been applied, which second coater is arranged in the same side as the
first coater relative to the electrically conductive porous substrate'; a d;yer for drying
the electrically conductive porous substrate to which the microporous layer coating
liquid has been applied; and a wind-up machine for winding up the gas diffusion
electrode substrate obtained.
[0064]

<i,aminate>

The laminate of the present invention is a laminate having a catalyst layer on the
microporous layer side of the gas diffysion electrode substrate of the present
invention. For example, the laminate of the present ihvention‘can be formed by
joining the gas diffusion electrode substrate of the present invention onto at least one
side of a polymer electrolyte membrane having a catalyst layer on each side thereof.
In this formation, arranging the microporous layer on the catalyst layer side not only .
facilitates‘back diffusion of generated water but also increases the contact area
between the catalyst layer and the gas diffusion electrode substrate, and can reduce
the contact electrical resistance. In cases where a microporous layer is composed of
two layers, the microporous layer 2 thereof is in contact with a catalyst layer.
[0065]

<Fuel Cell>

The fuel cell of the présent invention includes the gas diffusion electrode
substrate of the present inveqtion. A fuel cell is obtained by pressing and bonding
the gas diffusion electrode subsﬁate of the present invention onto a catalyst layer
provided on bofh sides of an electrolyte membrane such that the catalyst layer is in
contact with the microporous layer, foliowed by further arranging a separator on both
sides. In other words, a fuel cell can be conﬁgured by arranging a separator on béth

sides of the above-mentioned laminate. A polymer electrolyte fuel cell is usually
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configured by layering a plurality of such single cells.
[0066]

A catalyst layer is composed of a polymer electrolyte and a layer containing a
catalyst supported on carbon. Platinum is usually used as the catalyst. For a fuel
cell in which a modified gas containing carbon monoxide is supplied to the anode
side, platinum and ruthenium are preferably used as the catalyst at the anode side.
For the polymer electrolyte, a perfluorosulfonic acid polymer material having high

protonic conductivity, oxidation resistance, and heat resistance is preferably used.
EXAMPLES

[0067]

The present invention i described below more specifically by way of Examples.
The materials, the methods of preparing the electrically conductive porous substrates,
and the methods of evaluating the cell performances of the fuel cells used in the
Examples were as follows. |
[0068]

<Materials>.

A: electrically conductive pofous substrates

- A sheet of carbon paper having a thickness of 150 pm and a porosity of 85%
was prepared in the following manner. .
[0069]

Polyacrylonitrile-based carbon fiber “TORAYCA” (registergd trademark) T300
(average single-fiber diameter: 7 pm), made by Toray Industries, Inc., was cut to a
length- of 12 mm, and subjected to continuous papermaking using water as a
papermaking medium, followed by immersion in a 10% by mass aqueous polyvinyl

alcohol solution, and then drying.  After this papermaking process, the paper was
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wound up into a roll shape, to obtain a long sheet of carbon fiber paper having an
areal weight of carbon staﬁle of 15 g/m®. Per 100 parts by mass of the carbon fiber,
the amount of polyvinyl alcohol attached was equivélent to 20 parts by mass.
[0070] |

A dispersion was prepared by mixing a flake graphite (average particle size: 5
um), a phenol resin, and methanol at a mass ratio of 5:10:85.  The above carbon
ﬁber paper was continuously impregnated with the above dispersion to have 130
parts by mass of the resin component (the phenol resin and the flake graphite) per
100 parts by mass of the carbon staple, followed by drying at a temperature of 100°C
for 5 minutes. After this .resin impregnation step, the carbon paper was wound up
into a roll shape, to obtain a resin-impregnated carbon fiber p‘aper. As the phenol”
resin, a resin prepared by mixing a resol-type phenol resin and a novolac-type phenol
resin at a mass ratio of 1:1 was used.

[0071]

A compression treatment step was’ carﬁed out to the resin-impregﬁated carbon
fiber paper obtained as above-mentioned, in which step, with the hot plate;a sef in
parallel with each other on a flat plate press and with a spacer disposed on the lower
hot plate, the resin-impregnated carbon fiber paper was intermittently conveyed into
the flat plate press and heat-treated at a hot plate temperature of 180°C for five
minutes.

[0072]

The compression-treated carbon fiber paper was introduced, as a precursor fiber
sheet, into a heating oven at a maximum temperature of 2400°C in which a nitrogen
gas atmosphere was maintained. After this carbonization step for firing, the sheet
Waé wound up into a roll shape, to obtain a carbon paper. The obtained carbon
paper had a density of 0.25 g/em’ and a porosity of 85%.

[0073]
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'The‘ carbon paper made as above-mentioned was cut to 15 em x 12.5 cm and
immersed in a watef dispersion of a PTFE resin (“POLYFLON” (registered
trademark) PTFE dispersion D-201C (madei by Daikin Industries, Ltd.)) to thereby
impregnate the carbon paper with the fluorine resin.  Then, the résultant paper was
heated and dried at a temperature of 100°C in a dfying oven‘ for five minutes to
obtain an electrically conductive porous substréte. The above-mentioned water
dispersion of the PTFE resin was used after it was diluted to a concentration such

that, when it was dried, 5 parts by mass of the fluorine resin would be contained with

respect to 95 parts by mass of the carbon paper.

[0074]

B: carbon black 1

- primary particle size: 58 nm

C: carbon black 2

- primary particle size: 30 nm

D: fluorine resin 7

- “NEOFLON?” (registered tradémark) FEP dispersion ND-110 (FEP resin made
by Daikin Industries, Ltd.)

D: surfactant

- “TRITON” (registered trademark) X-100 (fnade by Nacalai Tesque, Inc.)
[0075] |

<Thickness Measurement of Microporous Layer 1 and Microporous Layer 2>

The thicknesses of the microporous layer 1 and the microporous layer 2 were
calculated using the observations of the image of a cross-section perpendicular to the
face (thickness direction cross-section) of the gas diffusion electrode substrate cut in
the thickness direction using an ion milling device, in which the image was
photographed from the cross-section at a magnification ratio of 500x or more using a

scanning electron microscope (SEM) with a pressure of 0.15 MPa applied to the
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substrate. The distance froxﬂ the interface between the electrically conductive
porous substrate and ‘th’e microporous layer 1 to the interface between the |
micropérous layer 2 and the microporous layer 1 was regarded as the thickness of the
microporous layer 1, and the average value Waé determined in 10 fields of view.
Further, the distance from the interface between the microporous layer 1 and the
microporous layér 2 to the surface of the microporous layer 2 was regarded as the
thickness 'of the microporous layer 2, and the average value was détermined in 10
fields of view. As the ion milling apparatus, the IM4000, made by Hitachi High-
Technologies Corporation, was used.  As the scanning electron microscope (SEM),
S-4800, made by Hitachi, Ltd., was uSgd. For a substrate having no microporous
layer 2, the distance from the interface between the electﬁcally conductive porous
substrate and the microporous layer 1 to the surface of the microporous layer 1 was
regarded as the thickness microporous Iayer. 1.
[0076] .

<Thickness Measurement of Dense Portion B>

The thicknesses of the deﬁse portion B were calculated uéing the observations
of the image of a cross-section perpendicular to the face (thickness direction cross-
se;:tion) of the gas diffusion electrode substrate cut in the thickness direction using an
ion milling device, in which the image was photographed from the cross-scction ata
magnification ratio of 500% or more usiﬁg a scanning electron microscope (SEM)
with a pressure of 0.15 MPa applied fo the substrate. The distance from the
interface between the electrically conductive porous substrate and the dense portion

B to the interface of the microporous layer 2 and the dense portion B was regarded as

the thickness of the dense portion B, and the average value was determined in 10

fields of view. As the ion milling apparatus, the IM4000, made by Hitachi High-
Techhologies Corporation, was used. As the scénning electron microscope (SEM),

S-4800, made by Hitachi, Ltd., was used. For a substrate having no microporous
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layer 2, the distance from the interface between the electrically conductive porous
substrate and the dense portion B to the surface of the microporous layer 1 was
regarded as the thickness dense portion B.
[0077]

<Thickness Measurement of Dense Portion A>

The thicknesses of the dense portion A were calculated using thc; observations
of the image of a cross-section perpendicular to the face (thickness direction cross-
section) of the gas diffusion electrode substrate cut in the thickness direction using an
ion milling device, in which the image was photographed from the cross-section at a
magnification ratio of 500% or more using a scanning electron microscope (SEM)
with a pressuie of 0.15 MPa applied to the substrate. The distance from the
interface between the electrically conductive porous substrate and the dense portion
A to the intefface of the microporous layer 2 and the dense portion A was regarded
as the thickness of the dense portion A, and the a\;erage value was determined in 10
fields of view. As the ion milling apparatus, the IM4000, made by Hitachi High-
Technologies Corporation, was used. ~ As the scahning eiectron microscope (SEM),
S-4800, made by Hitachi, Ltd., was used. For a substrate having no microporous
layer 2, the distance from the interface between the electrically conductive porous
substrate and the dense portign A to the surface of the microporous layer 1 was
regarded as the thickness den_;e portion A.
[0078] | |

<Width Measurement of Dense Portion A>

| The width of the dense portion A was measured using the observations of the

image of a cross-section perpendicular to the face (thickness direction cross-section)
of the gas diffusion electrode substrate cut in the thickness direction using an ion
milling device, in which the image was photographed from the cross-section at a’

magnification ratio of S00x or more using a scanning electron microscope (SEM)
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with a pressure of 0.15 MPa applied to the substrate, and such measurements of 100
dense portion A points were taken, the average value of which measurements was
regarded as the width of the dense portion A.  As the ion milling apparatus, the
IM4000, made by Hitachi High-Technologies Corporation, was used. As the
scanning electron microscope (SEM), S-4800, made by Hitachi, Ltd., was used.
[0079]

<Measurement of T(0.15) - T(3.00)>

The thickness of a gas diffusion electrode substrate under a pressure of 0.15
MPa T(0.15) and the thickness of a gas diffusion electrode substrate under a pressure
of 3.00 MPa T(3.00) were determined using a digital micrometer, and the difference
(T(0.15) - T(3.00)) was calculated. |
[0080]

<Measurement of Pore Size Peak of Dense Portion B>

The pore size peak of the dense portion B was determined from the distribution
that was obtained using a mercury intrusion technique and showed the pore volume
with respect to the pore size of the dense portion B.  The peak size of the highest
peak in the pore size range of 0.01 to 1.00 pm was regarded as the pore size peak of
the dense portion B. |
[0081]

The procedures for determining the pore size peak of the dense portion B will
be described below. First, three sample pieces having a rectangular size of
apéroximately 12 mm x 20 mm were cut out of the gas diffusion electrode substrate,
precisely weighed, and placed in a measurement cell in such a way as not to overlap
one another, into Whirchvmeasure_m'ent cell mercury was then poured under reduced
pressure. Then, measurernents were made under the below—deséribed conditions.
[0082]

- Measurement pressure range: 6 kPa pressure at the start of measurement (pore
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size: 400 pm) to 414 MPa pressure at the completion of measurement (pore size: 30
nm)

- Measurement cell mode: pressure-raising process in the above-mentioned
pressure range

- Cell volume: 5 cm®

- Mercury surface tension: 485 dyn/cm

- Mercury contact angle: 130°

As the measurement device, Autopore 9520, made by Shimadzu Corporation,
was used.- |
[0083]

<Measurement of Pore Size Peak of Dense Portion A>

The pore size peak of the dense portion A was determined by calculation using
the following equation frém the pore size peak of the dense portion B, the primary
particle size of the carbonaceous powder contained in the dense portion B, and the
primary particle size of the carbonaceous poWder contained‘in the dense pbrtion A.
Pore Size Peak of Dense Portion A = Pore Size Peak of Dense Portion B x Primary
Particle Size of Carbonaceous Powder Contained in Dense Portion A / Primary
Particle Size of Carbonaceous Powder Contained in Dense Portion B
[0084]

<Measurement of Pore Size Peak of Microporous Layer 2>

The pore size peak of the microporous layer 2 was determined by calculation
using the following equation from the pdre size peak of the dense portion B, the
primary particle size of the carbonaceous powder contained in the dense portion B,
and the primary particle size of the carbonaceous powder contained in the
microporous layer 2. |
Pore Size Peak of Microporous Layer 2 = Pore Size Peak of Dense Portion B x

Primary Particle Size of Carbonaceous Powder Contained in Microporous Layer 2 /
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Primary Particle Size of Carbonaceous Powder Contained in Dense Portion B
[0085]

<Measurement of Water Contact Angle of Micropo&us Layer Side>

The water contact angle on the microporous layer side of the gas diffusion
electrode substrate was measured using an automated contact angle meter.  As the

meter, an automated contact angle meter DM-501, made by Kyowa Interface Science

-Co., Ltd., was used. ' The gas diffusion electrode substrate was fixed on the stage in

the device with the micropor'ousv layer side facing upward (measurement side), a 5 pL.
droplef of ion exchange water was attached on the microporous layer and allowed to

stand for one second, and then the water contact angle was automatically measured-

and determined.

[0086]

<Evaluation of Number of Fluffy Points of Electrically Conductive Porous
Substrate>

The number of fluffy points of the electrically conductive porous substrate was
determined by: observing a side of the electrically conductive porous substrate
photographed using a digital microscope at a magnification ratio of 100x or more;
counting the number of carbon fibers protruding 1.00 um or more from the surface of
the electrically conductive porous substrate; and dividing the number by a
measurement area determined from the top‘ surface of the electrically conductive
porous substrate.
[0087] _

<Evaluation of Number of Fluffy Points of Microporous Layer Side of Gas
Diffusion Electrode Substrate>

The number of fluffy points of the gas diffusion electrode substrate was
determined byi observing a side of the gas diffusion electrode substrate photographed

using a digital microscope at a magnification ratio of 100x or more; counting the
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number of carbon fibers protruding 100 pm or more from the surface of the gas
diffusion electrode substrate; and dividing the number by a measurement area
determined from the top surface of the gas diffusion electrode substrate.
[0088] |

<Evaluation of Power Generation Performance>

Two sheets of the gas diffusion electrode substrate obtained were respectively
disposed on both sides of an integrated combination of an electrolyte membrane and
a catalyst layer (a catalyst layer “PRIMEA” (registéred trademark) made by W. L.
Gore & Assoéia‘;es, Co., LTD. formed on both sidés of an electrolyte mémbrane
“GORESELECT” (registered trademark) made by W. L. Gore & Associates, Co.,
LTD.) such that the catalyst layer is in contact with the microporous layer, and the
resulting set was hot-pressed to make a laminate (membrane electrode assembly

(MEA)). This laminate was incorporated in a single cell for a fuel cell, settings

. were made such that the cell temperature, fuel usage efficiency, and air usage

efficiericy were 40°C, 70%, and 40% respectively, the hydrogen at the anode side
and the air at the cathode side were humidified to have a dew point of 75°C and 60°C
respectively, and the cell was allowed to generate power. The cﬁrrent density was
continuously raised, and a current density value at which power generation stopped

(critical current density) was determined. The higher this value is, the better the

" flooding resistance is.

[0089]
<Evaluation of Short Circuit Current Density>
A short circuit current density was measured using the procedures (1) to (3), and

thereby the short circuit resistance was evaluated. The smaller the short circuit

.current density is, the less the short circuit ié, and the better the short circuit

resistance and the fuel cell durability are.

[0090]
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(1) A polymer electrolyte membrane (“Nafion” (registered trédemark) NR211

(made by DuPont) having a film thickness of 25 pm) was layered on the microporous

layer sidé of the gas diffusion electrode substrate. Here, the gas diffusion electrode

substrate was made into a 5 cm square shape, the polymer electrolyte membrane was

- made into a 6 cm or more square shape, and the polymer electrolyte membrane and

the gas diffusion electrode substrate weré Iayéred one on the other such that each
edge of the polymer electrolyte membrane was in parallel with each edge of the gas
diffusion electrode substrate, and the center of the one was in alignment with the
center of the other.
[0091] |

(2) The layéred piece including the polymer electrolyte membrane and the gas

diffusion electrode substrate was sandwiched between two gold plated stainless steel

~ block electrodes (the area sandwiched was in the shape 3 cm square) and pressurized

such that a pressure of 5 MPa was applied to the 9 cm? area of the gas diffusion
electrode substrate. Here, the layered piece was sandwiched such that each edge. of
the sandwiched side of the stainless steel block electrode was in parallel with each
edge of the gas diffusion electrode substrate, and the center of the stainless steel
block electrode was in alignment'with the center of the gas diffusion electrodé
substrate.

[0092] ‘

(3) A digital multimeter (KEITHLEY Model 196 SYSTEM DMM) was used to
apply a 2V direct-current voltage across thc; gold plated stainless steel block
electrodes to measure a current across the electrodes, and the value obtained was
regarded as a short circuit current.

[0093]
The steps’from (1) to (3) were repeated 10 times, the average of the short circuit

current values was calculated, the average of the short circuit current values was
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divided by an electrode area of 9 cm? to determine the short circuit current density.
[0094]
(Example 1)
The microporous layer coating liquids were prepared as follows.
Microporous Layer Coating Liquid A and Microporous Layer Coating Liquid 2:
A 15 parts by mass amount of carbon black 2 having a primary particle size of 30 nm,

5 parts by mass of FEP dispersion (“NEOFLON ” (registered trademark) ND-110),

15 parts by mass of a surfactant (“TRITON” (registered trademark) X-100), and 65

parts by mass of purified water were kneaded using a planetary mixer to prepare a
coating liquid.

[0095]

| Microporous Layer Coating Liquid B:
A 5 parts by mass amount of carbon black 1 having a primary particle size of 58 nm,
2 parts by mass of FEP di-sgpersion (“NEOFLON” (registered trademark) ND-110), 7
parts by masslo‘f a surfactant (“TRITON” (regisferéd trademark) X-100), and 86 parts
by mass of purified water were kneaded using a planetary mixer to prepare a coating .
liquid.

[0096]

The electrically conductive porous substrate was coated with the microporous
layer coating liquid B using a die coater such that thé microporous layer would have
an areal weight _of 22 g/‘m2 when sintered, and then the resultant sample was éxied at
a temperature of 120°C for 10 minutes. The coating film thus obtained was the
dense portion B of the microporous layer 1.

[0097] |
| Further, the dense portion B was subjected to laser processing so as to have |
concaves which each had a width of 30 um and a thickness corresponding to 60% of

that of the dense portion B and which were made one each per 1 mm square. The
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microporous layer coating liquid A was applied by ink jet coating onto the concave
parts made in the dense portion B as above and then dried a temperature of 120°C for
10 minutes, andr the dense portion A was thus made so as to fill the concave parts of
the dense portion B. The subsequent heating at temperature of 380°C for 10
minutes afforded a gas diffusion electrode substrate. The evaluation results for the
gas diffusion electrode substrate obtained é.re shown in Table 1.

[0098] |

(Example 2)

A gas diffusion electrode substrate was obtained in the same manner as in
Example 1 except that the method of coating the microporous layer coating liquid A
was changed to die coater coating, and the dense portion A and the microporous
layer 2 were simuitaneously formed. The properties are shown in Table 1.

[0099]
| (Example 3)

A gas diffusion electrode substrate was obtained in the same manner as in
Example 2 except that changes were made such the concaves made in the dense
portion B by laser processing had a lmger depth so that the dense portion A could

have a thickness of 85% with respect to the thickness of the microporous layer 1 as

100%. The properties are shown in Table 1.

[0100]
(Example 4)

A gas diffusion electrode substrate was obtained in the same manner as in

‘Example 2 except that changes were made such the concaves made in the dense

portion B by laser processing had a smaller depth so that the dense portion A could
have a thickness of 45% with respect to the thickness of the microporous layer 1 as

100%. The properties are shown in Table 1.

- [0101]
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(Example 5)

A gas diffusion electrode substrate was obtaihed in the same manner as in
Example 2 except that changes were made such that the concaves made in the dense
portion.B by laser processing had a larger width so that the dense portion A could
have a width of 120 um. The properties are shown in Table 1. |
[0102]

(Example 6)

A gas diffusion electrode substrate was obtained in the same manner as in
Example 2 except that changes were made such fhat the concaves made in the dense
portion B by Taser processing had a smaller width so that the dense portion A could
héve a width of 17 pm. The properties are shown in Table 2.

[0103]

(Example 7)

A gas diffusion electrode substrate was obtained in the same manner as in
Example 2 except that ’changes were made such that the coating amount of the
microporous layer coating liquid A was increased so that the microporous layer 2
could have a thickness of 9 um. The properties are shown in Table 2. |
[0104] |

(Example 8)

A gas diffusion electrode substrate was obtained in the same manner as in
Example 2 except that chailgés were made such that the coating amount of the
microporous layer coating liquid A was increased so that the microporous layer 2
could have a thickness of 15 um. _ The properties are shown in Table 2.

[0105] |
(Example 9)
A gas diffusion elecﬁode substrate was obtained in the same manner as in

Example 1 except that the dense portion A which had been formed was coated, using
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a die coater, with the micropdrous layer coating liquid 2 éontaining a carbon black 1
having a primary particle size of 58 nm and dried ata temperature of 120°C for ten
minutes. The properties are shown in Table 2. |

[0106]

(Comparative Example 1)

A gas diffusion electrode sgbstrate was obtained in the same manner as in
Example 1 except that neither laser processing nor the application of the microporous
layer coating liquid A wére carried out. - The properties are shown in Table 2.
[0107]

(Comparative Example 2)

A gas diffusion electrode substrate was obtained in the same manner as in
Example 1 except that the carbonaceous powder contained in fhe microporous layer
coating liquid B was changed to a carbon black 2 having a primary parﬁcle of 30 nm,
and neither laser processing nor the applicatioh of the microporous layer coating
liquid A were carried out. The properties are shown in Table 3.. |
[0108]

(Comparative Example 3)

A gas diffusion electrode substrate was obtained in the same manner as in
Example 1 except thaf changes were made such that the concaves made in the dense
portion B by laser processing had a larger width so that the dense portion A could
have a width of 250 um. The properties are shown in Table 3. -

[0109]

(Comparati{fe Example 4)

A gas diffusion electrode substrate was obtained in the same manner as in
Example 1 except that changes were made such the concaves made in the dense
portion B by laser processing had a smaller depth so that the dense pdrtion A could

have a thickness of 20% with respect to the thickness of the microporous layer 1 as
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100%. The properties are shown in Table 3.
[0110]

(Comparative Exémple 5)

A gas diffusion electrode substrate was obtained in the same manner as in
Examplé 1 except that the FEP dispersion was not added to the microporous layer

coating liquid A. The properties are shown in Table 3.
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[0114]
In this regard, the “thickness” of the “dense portion A” in the Tables represents
the thickness (%) of the dense portion A with respect to the thickness of the

microporous layer 1 as 100%.

Reference Signs List
[0115 ].
1: electrically conductive porous substrate
2: microporous layer 1
3: dense portion A
4: dense portion B

5: microporous layer 2
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CLAIMS:

1. A gas diffusion electrode substrate comprising:

an electrically conductive porous substrate and

a microporous layer 1 on one side of said electrically conductive porous substrate;

wherein said microporous layer 1 comprises a dense portion A and a dense portion B, said
dense portion B having concaves which are filled with said dense portion A;

wherein said dense portion A is a region including a fluorine resin and a carbonaceous
powder having a primary particle size of 20 nm to 39 nm,;

wherein said dense portion A has a thickness of 30% to 100% with respect to the thickness of
said microporous layer 1 as 100% and a width of 10 pum to 200 pm; and

wherein said dense portion B is a region including the fluorine resin and a carbonaceous

powder having a primary particle size of 40 nm to 70 nm.

2. The gas diffusion electrode substrate according to claim 1, wherein a difference (T(0.15) -
T(3.00)) between the thickness of said gas diffusion electrode substrate under a pressure of 0.15
MPa T(0.15) and the thickness of said gas diffusion electrode substrate under a pressure of 3.00

MPa T(3.00) is 30 pm to 60 pm.

3. The gas diffusion electrode substrate according to claim 1 or 2, wherein the pore size peak of

said dense portion B is larger than the pore size peak of said dense portion A.

4, The gas diffusion electrode substrate according to any one of claims 1 to 3, wherein the pore

size peak of said dense portion A is 0.05 pm to 0.20 pm.

5. The gas diffusion electrode substrate according to any one of claims 1 to 4, wherein the pore

size peak of said dense portion B is 0.21 pm to 0.60 pm.

Date Recue/Date Received 2023-01-31
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6. The gas diffusion electrode substrate according to claim 1 or 2, further comprising, on said
microporous layer 1, a microporous layer 2 which contains the fluorine resin and the carbonaceous
powder having a primary particle size of 20 nm to 39 nm, and which has a thickness of 10 pm or

less.

7. The gas diffusion electrode substrate according to claim 6, wherein the pore size peak of said

dense portion B is larger than the pore size peak of said microporous layer 2.

8. The gas diffusion electrode substrate according to claim 6 or 7, wherein the pore size peak of

said microporous layer 2 is 0.05 pm to 0.20 um.

9. The gas diffusion electrode substrate according to any one of claims 1 to 8, wherein said

carbonaceous powder is carbon black.

10.  The gas diffusion electrode substrate according to any one of claims 1 to 9, wherein a water
contact angle to the microporous layer side of said gas diffusion electrode substrate is 130 degrees

or more,

11.  The gas diffusion electrode substrate according to any one of claims 1 to 10, wherein the
number of fluffy points on the microporous layer side of said gas diffusion electrode substrate is 0.5

points/cm? or less.

12.  The gas diffusion electrode substrate according to any one of claims 1 to 11, wherein the

number of fluffy points on said electrically conductive porous substrate is 1.0 points/cm? or less.

13. A laminate comprising a catalyst layer on the microporous layer side of said gas diffusion

electrode substrate according to any one of claims 1 to 12.

Date Recue/Date Received 2023-01-31
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14. A fuel cell comprising said gas diffusion electrode substrate according to any one of claims 1

to 12.

Date Recue/Date Received 2023-01-31
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