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A gas diffusion electrode and a method :

)

the same, the gas di:
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ABSTRACT

COr manu:

“Or a

fusion electrode being used :

"acturing

fuel cell

and configured by forming a microporous layer containing

conductive microparticles andwater-repellent resinon at least

-

one surface of a conductive porous base material, wherein the

’.-‘

gas diffusibility in the thickness direction thereof

1s 30% or

more, the conductive porous base material has a sliding angle

layer has a thickness o:

c0—-95% 1nclusive.

03

of 70” or less and a porosity of 80% or more, and the microporous

- 10-50 yum 1nclusive, and a porosity of



CA 02940184 2016-08-18

DESCRIPTION

TITLE OF THE INVENTION: GAS DIFFUSION ELECTRODE AND METHOD FOR

+

MANUFACTURING THE SAM!

L]

73
-
-

TECHNICAL b1

(0001]

A fuel cell is a mechanism in which energy generated from

a reaction between hyvdrogen and oxygen to produce water 1s
clectrically extracted. Fuel cells have high energy
efficiency and only emit water, and thus are expected to serve

as clean energy. The present 1nvention relates to a gas

diffusion electrode for use in a fuel cell and also to a method

for manufacturing the same. Among fuel cells, the 1nvention

.

particularly relates to a gas diffusion electrode for use 1n

a polymer electrolyte fuel cell, which 1s used as a power supply

f—

for fuel cell vehicles, etc., and also to a method for

manufacturing the same.

BACKGROUND ART

10002 ]

An electrode for use 1n a polymer electrolyte fuel cell
is sandwliched between two separators 1n a polymer electrolyte

fuel cell. Such an electrode 1s configured to have, on each

—

side of a polymer electrolyte membrane, a catalyst layer formed

on the surface of the polymer electrolyte membrane and a gas
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diffusion layer formed on the outer side of the catalyst layer.

'“

As an individual component for forming a gas diffusion layer

N

of an electrode, gas diffusion electrodes have been distributed.

pr—

As the required performance of such a gas diffusion electrode,

I

A

for example, gas diffusivity, electrical conductivity for

collecting the electricity generated 1n the catalyst layer,

g

water drainage for efficiently removing molisture generated on

the catalyst laver surface, and the like can be mentioned. In

V)

order to obtain such a gas diffusion electrode, generally, an

electrically conductive porous substrate having both gas

diffusion capability and electrical conductivity 1s used.

[0003]

As an electrically conductive porous substrate,

specifically, a carbon felt, a carbon paper, a carbon cloth,

i

or the like made of carbon fiber is used. In particular, 1in

terms of mechanical characteristics and the li1ke, carbon papers

are believed to be the most preferable.

0004 ]

In addition, a fuel cell is a system that electrically

extracts energy generated from a reaction between hydrogen and

oxygen to produce water. Therefore, when the electrical load

increases, that 1s, when the current to be extracted ocoutside
the cell 1s increased, a large amount of water (water vapor)

is produced. At a low temperature, such water vapor 1S

condensed into water drops, blocking pores of the gas diffusion
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electrode. As a result, the amount of gas (oxygen or hydrogen)

supplied to the catalyst layer decreases, and when all the pores

are blocked eventually, power generation ceases (this

phenomenon is called “flooding”).

10005}

1

Tn order tominimize the occurrence o:

flooding, 1n other

}

words, 1n order to maximize the current value that causes

N

flooding, a gas diffusion electrode is required to have water

drainage. As ameans for enhancing the water drailnage, usually,

-
=

a gas diffusion electrode including an electrically conductive

porous substrate that has been subjected to a water-repellent
treatment 1s used (see Patent Documents 1, 2, and 3). With
respect to the water-repellent treatment, according to a common
technique, the above electrically conductlve porous supstrate
is immersed 1n a dispersion prepared by dlspersing a water

repellent in water or an organic solvent (see Patent Documents
1, 2, and 3).

[00006]

In addition, when the water-repellent-treated
electrically conductive porous substrate as described above 1s
directly used as a gas diffusion electrode, because 1ts fiber

mesh 1s coarse, large-size water drops are produced as a result

r‘—‘

of the condensation of water vapor. Thus, this 1s 1nsufficient

|

for completely suppressing flooding. Therefore, 1n some cases,

on a water-repellent-treated electrically conductive porous
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substrate, a coating liquid having dispersed therein
electrically conductive microparticles, SUChEMSCEMiXHlblaCk,

is applied, then dried, and sintered, thereby providing a

so—-called microporous layer (see Patent Documents 1, 2, and 3).

(0007 ]

For fuel cell vehicle applications, the output of high
power 1s required in the driving modes including starting,

high-speed operation, hill-climbing, etc., and thus high output

is required. In addition, in order to achieve high output, 1t

1s necessary that oxygen or hydrogen from the gas channel ot

a separator inside the fuel cell passes through the gas

yore—
—

diffusion layer and quickly diffuses 1nto the catalyst layer.

10008 ]

1)

For this reason, a gas diffusion electrode 1s required

v
—

to have high-level gas diffusivity. Considering such

requirements, it is preferable that an electrically conductive

pri-
e

porous substrate for a gas diffusion electrode 1is as thin and

porous as possible so as to facilitate the diffusion of gas.

When a microporous laver is applied under such cilrcumstances,

a coating ligquid for forming a milcroporous layer (so-called

microporous layer coating liquild) penetrates 1nto the substrate

having a small thickness and a high porosity. In an extreme

case,tjmacoating'liquidixuﬁxksthrough.totjmaback;sidecxfthe

substrate, whereby the production process 1s contaminated with

the coating ligquid. Therefore, as a result of cleaning, ftor
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example, the productivity decreases. In addition, when the

microporous layer coating liquid penetrates into the substrate,

o
—

pores inside the substrate are blocked, making gas diffusion

difficult, whereby the power generation performance may

decrease.

0009 ]

In order to suppress the penetration of the microporous
layver coating liquid into the electrically conductilive porous

substrate, Patent Document 3 discloses a technique 1n which the

substrate after a water-repellent treatment 1s sintered to

decompose and remove the surfactant i1n the water repellent,

p—

thereby preventing the penetration of a microporous layer to

be applied later. However, according to the method disclosed
in Patent Document 3, the water-repellent-treated substrate and

the microporous layer do not stick well to each other. Thus,

there has been a possibility that a part of the microporous layer

g~ — —
e s

comes off during the assembling of a

—

fuel cell, whereby the

microporous layer cannot achleve 1ts origilnal role.

PRIOR ART DOCUMENTS

PATENT DOCUMENTS

[0010]
Patent Document 1: Japanese Patent No. 3382213
Patent Document 2: JP 2000-123842 A

Patent Document 3: Japanese Patent No. 3773325
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SUMMARY OF THE INVENTION

L+

PROBLEMS TO BE SOLVED BY THE INVENTION

[0011]

Against the above technical background, an object of the

present invention is to provide a gasdiffusion electrode having

-
p—

excellent gas diffusivity, 1n which a microporous layer and an

electrically conductive porous substrate stick well to each

other.

PROBLEMS

SOLUTIONS TO TH!

Lo

10012 ]

A

In order to solve the above problems, the gas diffusion

electrode of the present invention employs the following means.

pr—
p—

That is, it is a gas diffusion electrode for use 1n a fuel cell,

including an electrically conductive porous substrate and, on

at least one side thereof, a microporous layer containing

electrically conductive microparticles and a water-repellent

p—
b

resin. The gas diffusion electrode has a through-thickness gas

N

diffusivity of 30% or more, the electrically conductive porous

substrate has a sliding-down angle of 70° or less and a porosity

of 80% or more, the microporous layer has a thickness of 10 um

or more and 50 um or less and a porosity of 60% or more and 95%

Oor less.

1 0013]
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In addition, in order to solve the above problems, the

—
.

method for manufacturing a gas diffusion electrode of the

present invention employs the following means. That 1s, 1t 1s

-
—

a method for manufacturing a gas diffusion electrode for use

in a fuel cell, including an electrically conductive porous
substrate and, on at least one side thereof, a microporous layer
containing electrically conductive microparticles and a

water-repellent resin, the method including conveylng oOr

installing an electrically conductive porous substrate

approximately horizontally, and then applying thereto, from
below, a microporous layer coating liquid prepared by kneadilng

electrically conductive microparticles, a water-repellent

resin, and a dispersionmedium, followed by drying and sintering,

-
P

thereby giving a gas diffusion electrode.

EFFECTS OF THE INVENTION

10014 ]

H)

The gas diffusion electrode of the present 1nvention 1s

expected to have the following effects.

-

- It is possible to provide a gas diffusion electrode

[

——

having excellent gas diffusivity and capable of high-output

power generation.
- The microporous layer and the electrically conductive
porous substrate stick well to each other and thus are less

likely to cause cracking or the like, making 1t possible to
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'}

provide a gas diffusion electrode having excellent durabillity,

ot

in which flooding 1s less likely to occur.

)

- It 1s possible to provide a gas diffusion electrode

having fewer defects in appearance, such as the attachment of

foreign matters to the microporous layer surtface.

0015]

e

In addition, use of the method for manufacturing a gas

1)

di:

(

fusion electrode of the present 1nvention 1s expected to have

1)

fects.

the following e:

)

- It is possible to manufacture the gas diffusion

electrode of the present 1nvention described above.

- It is possible to manufacture the gas diffusion
electrode with high productivity without contamlnating the

process.

BRIEF DESCRIPTION OF THE DRAWINGS

LI

1001o6]

Fig. 1 shows an example of the configuration of a

f'-
pp—

preferred device for manufacturing the gas diffusion electrode

—t

of the present i1nvention.

,--‘

Fig. 2 shows an example of the configuration of a device

for manufacturing a gas diffusion electrode of a comparative
example (prior art).
Fig. 3 1s a plan view of the device used to perform the

water-repellent treatment 1n the examples and comparative
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examples.

—

Fig. 4 is a schematic cross-sectional view of a gas

"

diffusion electrode for explaining the definition of the

I}

iy -

thickness of each component of the gas diffusion electrode.

’.Qn

Fig. 5 is a cross-sectional view of one cell (single cell)

of a polymer electrolyte fuel cell.

y—

Fig. 6 1s a schematic diagram of a device for measuring

in-plane gas permeability.

Fig. 7 is a schematic diagram for explalning a measurement

method for sticking force.

INVENTION

-

[
L1
—

MBODIMENTS OF TH.

(0017]

The gas diffusion electrode of the present 1nvention

includes an electrically conductive porous substrate and, on
at least one side thereof, a microporous layer contalning

electrically conductive microparticles and a water-repellent

resin such as a fluorine resin.

10018]

In a polymer electrolyte fuel cell, a gas dlffusion

-

1)

clectrode is reguired to have high gasdiffusivity fordiffusing

a gas supplied from the separator into the catalyst, high water

drainage for discharging water produced by the electrochemical
reaction into the separator, and high electrical conductivity

for extracting the generated current. That 1s, a sheet-shaped
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material that transmits gases in the thickness direction and

has excellent electrical conductivity is required. Therefore,

P
p—

for the gas diffusion electrode, an electrically conductive

porous substrate, which is a substrate having electrical

fo—

conductivity and made of a porous body usually having an average

pore size of 10 um or more and 100 pum or less, 1s used.

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 paper-like body, a

carbon felt, a carbon paper, or a carbon cloth, or a metal porous

substrate, such as a foamed sintered metal, a metal mesh, or

an expanded metal. Among them, in terms of excellent corrosion

resistance, 1t is preferable to use a carbon-fiber-contalning

porous substrate, such as a carbon felt, a carbon paper, or a

o

carbon cloth. Further, 1n terms of excellent

\

‘springiness’”,

f—

that i1s, the property of absorbing dimensional changes 1n the

-

thickness direction of an electrolyte membrane, 1t 1s

preferable to use a substrate made of carbon fiber paper-like

bodies bound together with a carbide, that 1s, a carbon paper.

[0019]

'-w
p—

Here, the power generation performance of a fuel cell

-

depends significantly on gas diffusivity. Therefore, for

applications where high power 1s required, such as fuel cell

vehicles, 1t 1s preferable that the thickness ot the

clectrically conductive porous substrate 1sminimized, andalso

10
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the porosity is increased, thereby enhancing the gas

diffusivity. Therefore, 1n the present 1nvention, the

thickness of the electrically conductive porous substrate 1s

preferably 220 um or less, more preferably 180 pm or less, still

more preferably 150 um or less, and particularly preferably 120

um or less. In addition, when the thickness of the electrically

conductive porous substrate 1is too small, the handleability 1n

the process may be deteriorated. Accordingly, under the

present circumstances, the lower limit 1s preferably about 70

um or about 80 um.

(0020 ]

In addition, when the porosity of the electrically

conductive porous substrate 1s 80% or more, preferably 85% or

P
p—

fusivity is further enhanced. The upper limit

more, the gas di;

f-."

of the porosity of an electrically conductive porous substrate

industrially producible 1s apout 95%.

L0021 ]

o

Incidentally, the porosity of an electrically conductive

porous substrate is determined as follows. Usling a microscope

such as a scanning electron microscope, 20 different polnts are

selected at random from a cross-section perpendicular to the

surface of the electrically conductive porous substrate, and

photographed at amagnification of about 20,000. Ineach image,

porous parts and non-porous parts are binarized, and the

proportion of the area of porous parts relative to the entire

11
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area (the total of the area of porous parts

and the area of

non-porous parts) is measured. The average proportion of the

20 points is taken as the porosity. As the scanning electron

microscope, S-4800 manufactured by Hitachi,

equivalent device, may be used. As a device

Ltd., or 1its

for producing a

cross—-section of the electrically conductive porous substrate,

Ton Milling Device IM4000 manufactured by Hitachi

High-Technologies Corporation, or 1ts equivalent device, may

be used.

L 0022]

As the electrically conductive porous substrate, 1n order

to enhance the water drainage for discharging water produced

inside the fuel cell, 1t 1s necessary to enhance the water

repellency. As an index of the water repellency of a substrate,

the sliding-down angle of the substrate can be used. In order

to enhance the water drainage to make flooding less likely to

happen, it 1s necessary touse anelectrically conductive porous

substrate having a sliding-down angle of 70° or less, preferably

60° or less, and more preferably 50° or less.

The sliding-down

angle 1s the lower the better, but the lower limit of the

sliding-down angle measurable is about 1°. Incidentally, the

sliding-down angle of a substrate 1s determinedas follows. Ten

p—

ul of water i1s dropped onto the horizontally placed substrate,

and, from the horizontal condition, the substrate 1s gradually

inclined. The angle between the substrate surface and the

12
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—

horizontal plane at which the drops of water start to slide down

(inclination angle) is taken as the sliding-down angle. When

(-‘-

the sliding-down angle measured at least from one side of the

electrically conductive porous substrate 1s 70° or less, this

e

ficient as the sliding-down angle of an electrically

—
—

1S SsU:

conductive porous substrate. Therefore, 1n order to determine

—

the sliding-down angle of an electrically conductive porous

b
.

substrate 1in a gas diffusion electrode having a microporous

layer formed only on one side, the sliding-down angle can be

measured from the side of the gas diffusion electrode having

no microporous layer formed (theelectrically conductive porous

-
e

substrate side of the gas diffusion electrode). Meanwhile, 1n

g

order to determine the sliding-down angle of an electrically

conductive porous substrate in a gas diffusion electrode having

a microporous layer formed on each side, the sliding-down angle

can be measured using the electrically conductive porous

substrate before forming the microporous layer.

(0023 ]

In order for the sliding-down angle to be within the above
range, usually, the electrically conductive porous substrate

is subjected to a water-repellent treatment with a water

repellent. It 1s preferable to use a fluorine resin as a water
repellent. Examples of fluorine resins 1nclude PTFE
(polytetrafluoroethylene) (e.g., "Teflon” (regilstered

trademark) ), FEP (tetrafluoroethylene-hexaftluoropropylene

13
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copolymer), PFA (perfluoroalkoxy fluoride resin), ETFA

(ethylene-tetrafluorocethylene copolymer), and PVDE

(polyvinylidene fluoride), PVFE (polyvinyl fluoride). It 1s

preferable to use PTFE or FEP, which develops strong water

*

repellency. PTFE exhibits stronger water repellency, but 1s

less likely to spread into the electrically conductive porous

substrate. Therefore, it 1s preferable to use FEP, which 1s

more likely to spread over the entire carbon fiber forming the

electrically conductive porous substrate.

10024 ]

’-'

As a result of the water-repellent treatment of the

electrically conductive porous substrate with a water repellent,

g

the amount of water repellent attached (sometlimes referred to

as the amount of water repellent) 1s to be preferably 1 part

by mass or more and 20 parts by mass or less, more preferably

2 parts by mass or more and 10 parts by mass or less, per 100

parts by mass of the electrically conductive porous substrate.

—

When the amount of water repellent 1s less than 1 part by mass,

’-.

ficult to obtain water repellency sufficient for the

1

1t 1s di:

sliding-down angle to be within the above range. In addition,

when the amount of water repellent 1s more than 20 parts by mass,

—~

pores of the electrically conductive porous substrate may be

—

blocked, causing a decrease 1n the gas diffusivity or a decrease

in the electrical conductivity.

[0025]

14
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As a method for a water-repellent treatment, generally,

a technigque in which the treatment is performed by immersion
in a water repellent dispersion made of a water repellent and

a dispersion medium, such as water, 1s known. However, wilth

such a treatment technigque, 1t 1s difficult to control the

amount of water repellent attached to the electrically

conductive porous substrate. Accordingly, 1t 1s more

preferable to employ die coating, spray coating, or a like

coating technique as the water-repellent treatment method.

The water repellent dispersion may be used after moderately

r—

diluting the undiluted solution. The viscoslty of the water

repellent dispersion 1s usually several mPa*s to several tens

gro—
p—

of mPa*s. However, for the purpose of controlling the degree

A

of penetration into the electrically conductive porous

substrate, i1t is possible to add a thickener to increase the

viscosity before use. However, because 1t 1S necessary that

the water repellent dispersion penetrates 1nto pores of the

pri—
—

electrically conductive porous substrate, the upper limit of

viscosity 1s about 200 mPar*s.

1 0020]

The water repellent dispersion usually contains a

surfactant as a dispersant. In order to develop water
repellency, the surfactant should be eventually removea by
pyrolysis or a like method. However, 1t 1s preferable that the

surfactant remains at the time of completion of the

1o
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water-repellent treatment, because this leads to better

adhesion with the below-described microporous layer.

L0027 ]

"

fusion electrode 1s used as follows. On both

A gas dui:

sides of an electrolyte membrane having a catalyst laver

laminated on each surface, gas diffusion electrodes are placed

toc sandwich the electrolyte membrane in such a manner that the

microporous layer contacts the catalyst layer, thereby forming
a membrane electrode assembly. Thilis membrane electrode

assembly is incorporated into a single fuel cell. In the case

where the operating conditions 1nclude a wlde range of

temperatures and outputs as 1n vehicle applilications, the gas

diffusion electrodes are subjected to loads, such as the

o

expansion/contraction or wetting/drying of the electrolyte

membrane. Thus, when the adhesion between the microporous

layver and the electrically conductive porous substrate in the

gro—
perwy

gas diffusion electrode is low, due to these loads, the

microporous laver and the electrically conductive porous

substrate may be separated from each other. Therefore, 1n the
case where the electrically conductlve porous substrate 1s
subjected to a water-repellent treatment with a water repellent,

in order to enhance the adhesion between the microporous layer

and the electrically conductive porous substrate, 1t 1S

preferable that the water repellent 1s not sintered before the

application of a microporous layer coating liquid.

16
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(0028 ]

The adhesion between the electrically conductive porous

substrate and the microporous layer can be evaluated as follows.

-
—

After the examination of power generation performance, the

membrane electrode assembly 1s removed from the fuel cell, and

’ﬁ

the gas diffusion electrode 1s disassembled; at this time, the

adhering condition of the microporous layer to the electrically

conductive porous substrate 1n the gas diffusion electrode can

be observed, thereby qualitatively evaluating the adhesion.

(0029 ]

gro—

As a more practical index of the adhesion between the

electrically conductive porous substrate and the mlcroporous

layer, the sticking force between the electrically conductive

porous substrate and the microporous layer may be employed, and

it 1s preferable that the sticking force 1s 5 N/cm® or more.

10030 ]

The sticking force between the electrically conductive

porous substrate and the microporous layer refers to the maximum

—

tension per unit area of a peeled surface requlred to peel the

o~ p—

microporous layer off the electrically conductive porous

substrate, and can be measured using a tensile tester (e.g.,

“Autograph” (registered trademark) manufactured by Shimadzu

f—

In the case where a membrane electrode assembly

Corporation) .

is produced using a gas diffusion electrode having a sticking

force of less than 5 N/cm®, the microporous layer is easily

17
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separated from the electrically conductive porous substrate.

This possibly causes inconvenlences 1n that, for example, the

gr—

produced water accumulates in the region of separation, thereby

—
—

inhibiting the gas diffusion, or the durabllity 1tself

decreases.

[0031]

When the adhesion between the electrically conductive

porous substrate and the microporous layer 1s too high, at the

time of measuring the sticking force as described above, the

microporous layer or the electrically conductilive porous

—

substrate itself undergoes cohesive fracture. Therefore, 1n

such a case, 1t is substantially impossible to measure the
adhesion between the microporous layer and the electrically

conductive porous substrate. However, when the value obtalned

: . ~ . 2 .
as sticking force 1s 5 N/cm® or more, 1n a membrane electrode

A

assembly using such a gas diffusion electrode, the microporous

layer and the electrically conductilive porous subpstrate are not

separated fromeach other due to practical loads. Incidentally,

although the value of sticking force is greater the better, 1in

the above respects, the upper limit of sticking force measurable
is about 50 N/cm”.

10032 ]

The present invention 1s based on the precondilition that

the gas diffusion electrode includes a microporous layer formed

on at least one side of the electrically conductive porous

18
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substrate.

[0033]

1s 00%

It is necessary that the porosity o:

or more and 95% or less.

0184 2016-08-18

—
—

C themicroporous layer

When the porosity of the

microporous layer is less than 60%, the diffusivity of the gas

(hydrogen, air, or oxygen) in the microporous layer 1s low. In

addition, the water drainage in the case where condensed water

is generated inside the microporous layer 1s low, resulting in

low power generation per:

pr—

poroslity of the microporous

more preferably 75% or more

"ormance at a high current density. The

layer.is preferably 70% or more,

-

. Although the porosity of the

microporous layer is the higher the better, the upper limit that

allows

- the structure o:

for the malntenance 0O:

layer when incorporated into a fuel cell 1s

10034 ]

Similarly to the porosity o:

porous substrate, the porosity of the micropo

C the microporous

95%.

- the electrically conductive

rous layer can be

measured as follows. Using an 1on milling device (IM4000

manufactured by Hitachi High-Technologies Corporation, or 1ts

equlvalent device, 1s usabl

cross-section perpendicular to the surface o:

layer 1s cut out.

random

m1Croscope,

from the cross-sectl

e), a through—-th

lckness

on, and photogra

magnification of about 20,000 to 50,000. Ine

19

f the microporous

Twenty different polints are selected at

phed under a

such as a scanning electron microscope, at a

ach 1mage, porous
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parts and non-porous parts are binarized, and the proportion

pr——

of the area of porous parts relative to the entire area (the

r—— —

total of the area of porous parts and the area of non-porous

—

parts) 1s measured. The average proportion of the 20 points

pro—

is taken as the porosity of the microporous layer (%).

[0035]

The microporous layer contains electrically conductive

microparticles, such as carbon black, carbon nanotube, carbon

nanofiber, chopped carbon fiber, graphene, and graphite. As

carbon black, it 1s preferable to use acetylene black, which

yo—

has a low content of impurities and 1s less likely to reduce

g—

the activity of a catalyst.

00306

A

Further, in order to enhance the gas diffusivity 1n the

microporous layer, carbon nanofiber, which i1s capable ot

forming a coating film having a high porosity, 1s preferably

used as the electrically conductlive microparticles.

(0037 ]

In addition, the microporous layer 1s requlred to have

characteristics such as electrical conductivity, gas

1)

di:

fusivity, water drainage, moilisture retailnability, and

thermal conductivity, as well as strong acid resistance on the

anode side and oxidation resistance on the cathode side 1nside

a fuel cell. Therefore, 1n addition to the electrically

conductive microparticles, a water-repellent resin, such as a

20
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f-'

fluorine resin, is contained. Examples of water-repellent

resins for use in the microporous layer 1nclude, similarly to

the water repellents for use 1n the water-repellent treatment,

—

fluorine resins such as PTFE, FEP, PFA, and ETFA. 1In terms oI

or FEP 1s

]

having particularly high water repellency, PTE.

preferable. The water-repellent resin content 1in the

microporous layer is preferably 1 part by mass or more and 50

parts by mass or less per 100 parts by mass of the electrically

conductive microparticles. When the water-repellent resin

—
.

content 1is less than 1 part by mass, the water-repellent effect

cannot be sufficiently obtalned. In addition, when the

water-repellent resin content is more than 50 parts by mass,

g

pores of the electrically conductlve porous subpstrate are

closed with the water-repellent resin, whereby the gas

diffusivity may decrease, and also the electrical conductivity

A

of the electrically conductive porous substrate may be 1mpaired.

-

A still more preferred range of the water-repellent resin

content is 5 parts by mass or more and 30 parts by mass or less

per 100 parts by mass of the electrically conductive

mlicroparticles.
[0038]

In order to provide a mlcroporous layer on the

clectrically conductive porous substrate, a microporous lavyer

coating liguid is applied to the electrically conductive porous

substrate. The microporous layver coating ligquid 1s prepared
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by kneading the electrically conductive microparticles and

water-repellent resin described above, together with a

dispersion media such as water or an alcohol. In addition, a

surfactant, which functions as a dispersant for dispersing the

electrically conductive microparticles and water-repellent

resin, is often incorporated into the microporous layer coating
liguid.
[0039]

grr— y—

In terms of productivity, the concentration of the

electrically conductive microparticles 1n the microporous

layer coating liquid is 5 mass% or more, preferably 10 masss

or more, based on the entire amount of the coating liquid. There

is no upper limit on the concentration as long as the viscosity,

ro——

the dispersion stability of the electrically conductive

microparticles, the coating properties of the coating liquid,
and the like are suitable. However, 1n reality, when the

concentration is more than 50 mass%, the sultability as a

coating liguid may be impaired. Particularly in the case where
acetylene black 1s used as the electrically conductive

microparticles, according to the study by the present 1nventors,
the upper limit is about 25 mass%. When the concentration 1s

higher than this, acetylene blackparticles are reagglomerated,

resulting in so-called percolation, and the coating properties

o

of the coating liguid are impaired due to the rapilid 1ncrease

in viscosity. Such a phenomenon 1s particularly prominent 1in
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pr—

the case of a coating liguid using water as a dispersion medium

(water-based coating liquid) .

10040 ]

The roles of the microporous layer 1nclude (1) to protect

the catalyst, (2) the refurbishing effect to prevent the rough

’ﬁ

surface of the electrically conductive porous substrate from

being transferred to the electrolyte membrane, (3) to prevent

water vapor produced at the cathode from condensing near the

catalyst layer, etc. Among them, 1n order to develop (2) the

refurbishing effect, it is necessary that the microporous lLayer

has a certain thickness. For this purpose, 1t 1s preferable

that the microporous layer coating liguid does not penetrate

into the electrically conductive porous substrate much. When

fo—

the penetration of the microporous layer coating liguid

increases, proportionally, the microporous layer to Dbe

laminated on the electrically conductive porous substrate

g

surface becomes thinner, making 1t difficult to obtain the

—

refurbishing effect. In addition, the microporous layer

coating ligquid that has penetrated 1nto the electrically

conductive porous substrate may inhibit gas diffusion 1n the

gas diffusion electrode.

' 0041]

—

The degree of penetration into the electrically

conductive porous substratemay be quantified from the pore size

distribution using a mercury porosimeter. Relative to the peak

23



CA 02940184 2016-08-18

height of the pore size distribution curve of the electrically

b

conductive porous substrate itself (usually present within a

pore size range of 10 um or more and 100 pum or less), as a result

f-

pr—

of the application of a microporous layer coating liquid, the

microporous layer intrudes inside the electrically conductive

porous substrate, whereby the peak height decreases. This pore

—

decrement (the proportion of the difference between the peak

height of the electrically conductive porous substrate 1tself

'--

and the peak height of the electrically conductilve porous

substrate having the microporous layer coating liquid intruding

g—

inside relative to the peak heilight of the electrically

conductive porous substrate itself (%))” can be used as an 1ndex

of the degree of penetration and is referred to as “penetration

index”. In the present invention, 1t 1s preferable that the

penetration index (pore decrement) 1s 65% or less.

10042]

P

With respect to the thickness of the microporous laver,

considering the surface roughness of the electrically

conductive porous substrate under the present circumstances,

it is necessary that the thickness 1s 10 pm or more and 50 um

—

or less 1n dry state. A thickness of more than 50 pum results

gri—-

in high electrical resistance of the gas diffusion electrode

itself. A still more preferred range of the thickness of the

M1Croporous

laver 1s 10 um or more and 40 um or less, and the

most preferred range of the thickness of the microporous layer
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is 15 um or more and 40 pm or less.

1004 3]

The thickness of the microporous layer herein 1s, as shown

in Fig. 4, a value obtained by subtracting the thickness 101A

of the electrically conductive porous substrate from the

thickness 103A of the gas diffusion electrode. That 1s, the

portion of the microporous layer penetrated 1nto the

electrically conductive porous substrate 1s not 1ncluded 1n the

g

thickness of the microporous layer.

(10044 ]

1)

fusion

Incidentally, the thickness of the gas di:

gr—

electrode and the thickness of the electrically conductive

porous substrate can be determined by measurement using a

micrometer or the like while applying a load of 0.15 MPa 1n the

gr—

direction perpendicular to the surface of the sample to be

measured.

[0045]
The microporous layver coating liquid 1s prepared by
dispersing the electrically conductive microparticles 1n a

b

dispersion medium (water in the case of a water—-based coating

ligquid) as described above. In order to disperse the
electrically conductive microparticles, 1t 1s necessary that
the dispersant 1s dispersed 1n an amount of 0.1 part by mass
to 10 parts by mass, at most, per 100 parts by mass of the

electrically conductive microparticles. However, 1n order to
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stabilize the dispersion for a long period of time to prevent

an increase 1in the viscosity of the coating liquid, thereby

g—
s

preventing separation in the liquid, it 1s effective to use a

surfactant as the dispersant and increase the amount ot

addition.

(004 06]

In addition, as described above, 1n the case where the

thickness of the microporous layer is made 10 um or more 1n dry

state, it is preferable tomaintain the viscosity of the coating

liquid at 1,000 mPa*s or more. When the viscosity of the coating

liguid is lower than this, the coating liquid runs over the

surface of the electrically conductive porous substrate, or the

coating liquid flows into pores of the electrically conductive
pOrous substrate, causing bleed-through. Conversely, when the

viscosity of the coating liquid 1s too high, the coating

properties are deteriorated. Therefore, the upper limit of the

Famd

viscosity of the coating liquid 1s about 25 Pa*s. A preferred

gr—

range of the viscosity of the coating ligquid 1s 3,000 mPa*s or

more and 20 Pa*s or less, sti1ill more preferably 5,000 mPa*s or

more and 15 Pa*s or less.

10047 ]

In the present invention, 1n order to manufacture the gas

diffusion electrode efficiently, the electrically conductive
porous substrate is conveyed or installed approximately

horizontally, and the microporous layer coating ligquid 1s
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applied thereto from below. According to this configuration,

— pr—

due to the influence of gravity, the penetration of the

microporous layer coating liquid into the electrically

conductive porous substrate 1s suppressed. It 1s necessary

that the angle of the electrically conductive porous substrate

is approximately horizontal. Although 1t 1s most preferable

that the substrate is completely horizontal, that 1s, the angle

between the substrate surface and the horizontal plane is 07,

it may also be inclined to some extent. The allowable limit

is up to 60° from the horizontal plane. When the substrate 1s

inclined at a larger angle, the penetration 1ncreases, and also

the liquid is likely to flow downward.

10048 ]

In addition, by applying the microporous layer coating

liguid only from below the electrically conductive porous

substrate conveyed or installed in this manner, the possibility

that dust or the like falling from above attaches to the

application surface, resulting 1in defects 1n appearance, 1S

reduced.

10049 ]

In the present invention, after the application of the

microporous layer coating ligquid from below, drying 1s

performed in order to remove the dispersion medium. Drying

should also be performed with the penetration of themicroporous

layer coating liquid into the electrically conductive porous
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substrate being suppressed. Usually, drying 1s performed at

a temperature within a range of 50°C or more and 120°C or less,

preferably 60°C or more and 100°C or less, and the drying 1s

| T

‘ollowed by sintering. Sintering should also be performedwith

y—

the penetration of the microporous layer coating liquid 1nto

the electrically conductive porous substrate being suppressed.
However, the drying step and the sintering step do not have to
be separate steps, and the sintering step may also serve as

drying. Sintering herein means that, 1n order to fi1x the

electrically conductive microparticles with a water-repellent

resin as a binder, thereby forming a microporous layer, a heat

treatment is performed at a temperature at which the

f—

water-repellent resinmelts. As the temperature of sintering,

250°C or more and 400°C or less 1s sultable. When the

P

temperature of sintering is less than 250°C, 1n the case where

a surfactant is used in a water repellent dispersion or a

microporous layver coating liquid, 1t 1s not sufficiently

removed. Inaddition, when the temperature of sintering is more

than 400°C, the water-repellent resin used as a binder may be

decomposed.
(0050 ]

As described above, the water repellent dispersion or the
microporous layver coating liquid often contains, 1n additlon
to a dispersion medium, a surfactant to serve as a dispersant

or a thickener. However, when 1t remains in the gas diffusion
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electrode, the gas diffusivity or electrica

"erable t

be impalired. Therefore, 1t 1s pre:

1 conductivity may

hat the surfactant

is removed at the same time as drying the dispersion medium 1n

the water repellent dispersion or the microporous layer coating

liguid or by the heat treatment (sintering) performed after

g—

drying. The temperature of sintering is suitably set depending

factant used or the

- the sur:

on the decomposition temperature o

melting point of the water-repellent resin used.

10051 ]

As described above, a preferred mode of the gas di-:

o)

fusion

electrode manufactured 1in the present invention 1s as follows:

an electrically conductive porous substrate with the thickness

and porosity controlled 1s subjected to a water-repellent

treatment, and a microporous layer coating liquid 1s applied

e

conveyed horizontally,

gr—

from below the electrically conductive porous substrate

followed by drying and sintering with

the penetration of the microporous layer coating liguild into

the electrically conductive porous substrate being suppressed,

thereby removing the surfactant in the microporous layer

coating liguid and the water repellent dispersion so as to

prevent a decrease 1n the gas dif

.

r_._
p—o—
R—

fusion electrode

resulting gas di:

10052 ]

With respect to the gas diffusivity of the gas di:

fusion capability of the

BN

fusion

electrode, 1t 1s necessary to consider both the thickness
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direction of the gasdiffusionelectrode, that is, the direction

gr—

perpendicular to the horizontal plane of the gas diffusion

r——

electrode, and the 1n-plane direction of the gas diffusion

gr—

clectrode, that 1is, the direction of the horizontal plane of

0

the gas diffusion electrode.

L0053]

B

By using a gas diffusion electrode having a

—
p—v

through-thickness gas diffusivity set at 30% or more,

preferably 32% or more, high power generation performance 1S

obtained. The through-thickness gas diffusivity 1s the higher

the better. However, as incorporated into a fuel cell, 1n order

for 1ts structure to be maintained against the pressure applied
inside the cell due to the porosity being toohigh, 1t 1s believed
that the upper 1limit is about 40%. Here, the through-thickness

g
p—

gas diffusivity can be measured as follows. That 1s, the gas

-
—

to be measured for diffusivity 1s passed through the one side

-

of the gas diffusion electrode (primary side), whilile nitrogen

A

—t

gas 1s passed through the other side (secondary side), and the

pressure difference between the primary side and the secondary

side 1s controlled near 0 Pa (0x3 Pa), that 1s, the condition

1s set such that there 1s almost no gas flow due to the pressure

difference, and the gas migration phenomenon 1s caused only by

molecular diffusion. The gas concentration at which

egullibrium 1s reached 1s measured with a gas concentration

meter on the secondary side, and the obtained value (%) 1s taken
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—

as an index of the through-thickness gas diffusivity.

-

(0054 ]

Meanwhile, by using a gas diffusion electrode having an

in-plane gas permeability set at 25 cc/min or more, even high

power generation performance 1s obtained. Fig. o shows a

p—— v

cross—-section of a single cell of a polymer electrolyte fuel

| I—

pr—

cell. As shown 1n Fig. 5, 1n a single cell of a polymer

electrolyte fuel cell, a catalyst layer 202/203 1is provided on

- =

cach surface of an electrolyte membrane 201. A gas diffusion

layer 204 is placed on the outer side of each catalyst lavyer,

r-!

and further a separator 205 1s placed on the outer side of each

—
p—

gas diffusion layer. The separator 205 has formed therein a

gas channel 206, through which hydrogen (anocde side), oxygen,
or air (cathode side) passes. There 1s a portion called “rib
207”7 between the gas channels. Unless the gas 1s supplled to

a catalyst layer corresponding to the rib, electric power 1S

not generated in the catalyst layer of the corresponding portion,

whereby the power generation performance decreases. Therefore,

it 1s necessary that the gas diffusion layer 204 has the function

of dispersing the gas supplied through the gas channel 1n the
in-plane direction, thereby allowing the gas to arrive also at

the catalyst layer corresponding to the ripb 207 portion. As

a requlred characteristic of the gas diffusion electrode

corresponding to this in-plane gas diffusivity, 1n-plane gas

permeability 1s used. As described below, the in-plane gas
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b

fusion electrode at a

permeability is measured using a gas di:

—
——

pressure difference of 5 kPa as a basic measurement condition.

However, as ameasurable 1limit, measurement 1s not possible over

In the case where the permeability 1s hligher than

190 cc/min.

g

this, the thickness of the gas diffusion electrode 1s too large,

-
p—

and thus the through-thickness gas diffusivity decreases, or,

alternatively, the porosity 1s so too high, and thus when such

'-v
—

a layer is incorporated into a fuel cell as agasdiffusion layer,

-

the structure as the gas diffusion layer cannot be maintalned.

10055]

pr—

When the penetration of the microporous layer coatilng

liguid into the electrically conductive porous substrate cannot
be suppressed, the microporous layer on the electrically
conductive porous substrate surface has a small thickness. As

—
-

a result, the “refurbishing effect”, which 1s the original

fr

significance of the microporous layer, 1s reduced. When the

amount applied (areal weight) 1s 1ncreased 1n order to avoid

g
p—

this, the gas diffusivity 1s 1mpaired.

(0056

The electrically conductive porous substrate can pe

obtained as an electrically conductive porous substrate roll

wound in an elongated form. Thus, 1n the present 1nventlion,
it 1s preferable that at the time when the electrically
conductive porous substrate 1s unwound from the electrically

conductilive porous substrate roll, and a microporous layer
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coating liquid is applied thereto from below, the electrically

conductive porous substrate is conveyed or installed

approximately horizontally. Then, after the application of

the microporous layer ccating liquid from below, while

preventing the application surface from contacting the

conveying roll, the gas diffusion electrode 1s dried, sintered,
and then wound up by a wind-up machine or the like (1i.e.,
roll-to-roll processing). As a result, a continuous process

f‘.‘

can be achieved with the penetration of the microporous layer

coating liquid into the electrically conductive porous

substrate being suppressed, whereby the mass productivity can

be enhanced.

EXAMPL.

L*]
{2

10057 ]

Hereinafter, the present invention will be described 1n

further detail through Examples. The materials and evaluation

methods used in the Examples are shown pelow.

10058 ]

<Materials>

A: Electrically conductive porous substrate

- A carbon paper having a thickness of 100 ymand a porosity

of 85% was prepared as follows.

L0059

Polyacrylonitrile-based carbon fiber “TORAYCA”
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(registered trademark) T300-6K manufactured by Toray

Industries, Inc., (average single-fiber diameter: 7 um, the

pr—

number of single fibers: 6,000) was cut to a length of o mm,

then, using water as a papermaking medium, continuously

subjected to papermaking together with broadleaf bleached kraft

pulp (LBKP) manufactured by Alabama River and cratt market pulp

(hardwood), and further immersed in a 10 mass% agqueous solution

of polyvinyl alcohol, followed by drying. After this

papermaking process, the paper was wound up 1n roll form,

thereby giving a carbon fiber paper in an elongated shape having

a carbon staple areal weight of 15 g/mz. Per 100 parts by mass

of the carbon fiber paper, the amount of pulp added 1s 40 parts

g——

by mass, and the amount of polyvinyl alcohol attached 1is

equlvalent to 20 parts by mass.

[ 00060 ]

A dispersion was prepared by mixing Flake Graphite BF-5A

(average particle size: 5 um) manufactured by Chuetsu Graphite

Works Co., Ltd., a phenol resin, and methanol in a mass ratio

of 2 : 3 : 25. The above carbon fiber paper was continucusly

impregnated with the above dispersion to a resin (phenol resin)

—

1mpregnation amount of /8 parts by mass per 100 parts by mass

'-'

of the carbon staple, followed by drying at a temperature ot

90°C for 3 minutes. After this resin impregnation step, the

carbon paper was wound up 1n roll form to give a

resin-lmpregnated carbon fiber paper. As the phenol resin, a
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resin prepared by mixing a resol-type phenol resin KP-/43K and

a novolac-type phenol resin TAMANOL 759 manufactured by Arakawa

Chemical Industries, Ltd., in a mass ratio of 1 : 1 was used.

(0061 ]

Hot plates were set parallel to each other 1na 100-t press

manufactured by Kawajirl Co., Ltd., and a spacer was placed on

the lower plate. While repeatedly openingandclosing the press

Fv

at a hot plate temperature of 170°C and a surface pressure of

0.8 MPa, the resin-impregnated carbon fiber paper sandwiched

between release papers from the upper and lower sides was
intermittently conveyed. At the same time, the carbon fiber

paper was subjected to a compression treatment such that one

place was heat-pressed for 6 minutes 1n total. In addition,

the effective pressing length LP of the hot plate was 1,200 mm,

—r

the

feeding length FL of the resin-impregnated carbon fiber
paper during intermittent conveying was 100 mm, and LF/LP was
set at 0.08. That 1s, heat-pressing for 30 seconds, opening

the press, and sending the carbon fiber paper (100 mm) were

repeated to perform the compression treatment, and then the

paper was wound up 1n roll form.
(0062 ]

The compression-treated carbon fiber paper was

introduced, as a precursor fiber sheet, 1nto a heating furnace

at a maximum temperature of 2,400°C in which a nitrogen gas

atmosphere was maintained. While continuously running 1in the
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heating furnace, the sheet was fired at a temperature rise rate

of about 500°C/min (400°C/min up to 650°C, 550°C/min at a

temperature higher than 650°C). After thils carbonizing step,

the sheet was wound up in roll form to give a carpon paper. The

obtained carbon paper had a density of 0.25 g/cm3 and a porosity

of 85%.

10063]

- A carbon paper having a thickness of 150 um and a porosity

g

of 85% was obtalined in the same manner as for the carbon paper

having a thickness of 100 um and a porosity of 85%, except that

the carbon fiber areal weight and the spacer thickness 1n the

compression treatment were changed so that the thickness after

carbonization would be 150 um.

(0064 ]

- A carbon paper having a thickness of 180 ym and a porosity

of 85% was obtained in the same manner as for the carbon paper

having a thickness of 100 um and a porosity of 85%, except that

the carbon fiber areal weight and the spacer thickness 1n the

compressilion treatment were changed so that the thickness after

carbonization would be 180 um.

L 00065]

- A carbon paper having a thickness of 100 um and a porosity

Jo——

of 75% was obtalined 1n the same manner as for the carbon paper

having a thickness of 100 um and a porosity of 85%, except that

the carbon fiber areal welght and the phenol resin 1mpregnation
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amount were changed so that the porosity after carbonization

would be 75%.

B: Dispersion medium: Ion exchange water

C: Water repellent or water-repellent resin:

Lt

- PTFE resin “POLYFLON” (registered trademark) PTE.

dispersion D-210C (manufactured by Daikin Industries, Ltd.)

- FEP resin “POLYFLON” (regilistered trademark) FEP

dispersion ND-110 (manufactured by Daikin Industries, Ltd.)

D: Others

- Surfactant “TRITON” (regilstered trademark) X-100

(manufactured by Nacalai Tesqgue, Inc.)

&3

Electrically conductive microparticles (carbonaceous

powder)

- Carbon black “DENKA BLACK” (registered trademark)

(manufactured by Denkl Kagaku Kogyo K.K.)

[0066]

<Measurement of Thickness of Gas Diffusion Electrode,

Electrically Conductive Porous Substrate, and Microporous

Lavyer>

For the thickness of a gas diffusion electrode and the

thickness of anelectrically conductive porous substrate, using

a micrometer manufactured by Mitutoyo, measurement was

performed while applying a load of 0.15 MPa to the gas diffusion
clectrode or the electrically conductive porous substrate.

The thickness of a microporous layer was determined by

37



CA 02940184 2016-08-18

subtractingtﬁm&thicknesscﬁ?Umaelectricallycxnuhuﬁ:hmaporous

f-.-

"rom the thickness of the gas diffusion electrode.

L

substrate
(0067 ]

<Viscoslty Measurement>

-— o

In the viscosity measurement mode of a Bohlin rotational

rheometer manufactured by Spectris Co., Ltd., using a circular

cone plate 40 mm in diameter inclined at 2°, the stress 1s

measured while increasing the rotation speed of the plate (while

pr—
h—

increasing the share rate). At thilis time, the value of

viscosity at a share rate of 17/sec was taken as the viscosity

o—

of the coating liquid.

10068 ]

r—

<Measurement of Porosity of Electrically Conductive Porous

Substrate>

Using S-4800 manufactured by Hitachi, Ltd. as a scanning

electron microscope, 20 different points were selected at

—
e

random from a cross-section perpendilicular to the surface of an

electrically conductive porous substrate, and photographea at

a magnification of 20,000. In each 1mage, porous parts and

non-porous parts were binarized, then the proportibn (%) of the

area of porous parts relative to the entire area (the total of

the area of porous parts and the area of non-porous parts) was

measured, and the average proportion of the 20 points was

(—

determined. For the production of the cross-section

perpendicular to the surface of the electrically conductive
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porous substrate, Ion Milling Device IM4000 manufactured by

Hitachi High-Technologles Corporation was used.

[0009]

’-v

<Measurement of Porosity of Microporous Layer>

Using IM4000 manufactured by Hitachi High-Technologies

Corporation as an ion milling device, a through-thickness

cross—-section perpendicular to the surface of a miCcroporous

layver was cut out. Twenty different points were selected at

random from the cross-section, and photographed at a

—

magnification of 20,000 under a scanning electron microscope

(S-4800 manufactured by Hitachi, Ltd.). In each image, porous

parts and non—-porous parts were binarized, then the proportion

(%) of the area of porous parts relative to the entire area (the

J— ——

total of the area of porous parts and the area of non-porous

parts) was measured, and the average proportion of the 20 points

was determined.

[0070]

<Sliding-Down Angle of Electrically Conductive Porous

Substrate>

e
—

Using the sliding-down angle measurement mode of

all

automatic contact angle meter DM501 manufactured by Kyowa

Interface Science Co., Ltd., 10 ul of water was dropped onto

a sample, and the sample stage was gradually 1nclined from the

horizontal state (inclined at 1°/sec and stopped for 1 second;

thlis 1s repeated). The 1ncline angle of the sample at which
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the drops of water began to slide down and disappeared from the

measurement screen was taken as the sliding-down angle.

[0071]

<Amount of Water Repellent Attached>

gr—

A square of 5 cm x 5 cm was cut from an electrically

conductive porous substrate (carbon paper) before a

water-repellent treatment, and the mass thereof was measuread

with an electronic balance. After a water-repellent treatment,

the surfactant contained in the water repellent was removed at

380°C. From such an electrically conductive porous substrate,

’-v

a square of 5 cm x 5 cm was similarly cut, and the mass of the

sample was measured. An increase 1n the mass was divided by

the mass before the water-repellent treatment and multiplied

by 100, thereby determining the amount attached (part by mass)

f-"

per 100 parts by mass of the electrically conductive porous

substrate.

100 72]

N
—

<Gas Diffusivity in Thickness Direction>

Using a steam gas/water vapor permeation diffusion

evaluation device (MVDP-200C) manufactured by Seika

—
s

Corporation, the gas to be measured for diffusivity 1s passed

-

through one side of the gas dif

e

fusion electrode (primary side),

while nitrogen gas 1s passed through the other electrode

(secondary side). While controlling the pressure difference

between the primary side and the secondary side near 0 Pa (0x3
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Pa), the gas concentration at which equilibrium was reached was

measured with a gas concentration meter on the secondary side,

and the obtalined value (%) was taken as the through-thickness

n

gas diffusivity.

|

(007 3]

<In-Plane Gas Permeability>

B

fusion

Using a steam gas/water vapor permeation di:

evaluation device (MVDP-200C) manufactured by Seika

Corporation, in the pipe system shown in Fig. 6, first, only

a valve A (303) is opened, while a valve B (305) 1s kept closed.

A nitrogen gas 313 is passed through the primary-side pilpe A

(302) to adjust such that a predetermined amount (190 cc/min)

N
.

of gas flows into a massflow controller (301), and 5 kPa of gas

pressure is applied to a pressure controller (304) relative to

pr—
pr——

the atmospheric pressure. A gas diffusion electrode sample

(308) 1s set on a sealant (312) between a gas chamber A (307)

and a gas chamber B (309). Next, the valve A (303) 1s closed,

while the valve B (305) is opened, such that the nitrogen gas

flows into the pipe B (306). The nitrogen gas flowlng 1into the

-
.

fusion

gas chamber A (307) passes through the space 1n the gas di:

electrode sample (308), moves to Lhe gas chamber B (309), passes

through a pipe C (310), further passes through a gas flowmeter

pri——

(311), and 1s then discharged to the atmosphere. The gas flow

(cc/min) through the gas flowmeter (311) at this time was

measured, and the obtained value was taken as the 1n-plane gas
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permeability.

0074 ]

<Penetration Index: Pore Decrement>

It was quantified from a pore size distribution using a

mercury porosimeter. First, the peak height of the pore size

#

distribution curve of an electrically conductive porous

— " e

substrate itself (usually present within a range of micropore

’-v

diameters of 10 um or more and 100 pum or less) was determined.

Next, a microporous layer coating liquid was appliled to the
substrate, and, in the state that the microporous layer coating
ligquid had intruded inside the electrically conductive porous

substrate, the above peak height was measured. Then, the

proportion (%) of the difference between the peak height of the

—

electrically conductive porous substrate itself and the peak

height of the electrically conductive porous substrate having

the microporous layver coating ligquid intruding inside relative

.

to the peak height of the electrically conductive porous

substrate itself was determined, and used as a penetration

1ndex.

10075]

<Power Generation Performance>

i)

The obtained gas diffusion electrode was applied to each

side of an electrolyte membrane-catalyst layer integrated

product (an electrolyte membrane “GORE-SELECT” (registered

trademark) manufactured by W.L. Gore & Assoclates with a

42



CA 02940184 2016-08-18

catalyst layer “PRIMEA” (registered trademark) manufactured by

W.L. Gore & Associates formed on each surface) to sandwich the

integrated product 1n such a manner that the catalyst layer

contacted the microporous layer, followed by hot pressing at

130°C to form a membrane electrode assembly (MEA). This

membrane electrode assembly was 1ncorporated into a single cell

—

for a fuel cell, and power generation was performed at a cell

n

temperature of 40°C, a fuel utilization efficiency of 70%, and
' 4

p—
pr—v—

an ailrutilizationefficiency of 40%, with hydrogen on the anode

side and air on the cathode side being humidified to have dew

p—

points of 75°C and 60°C, respectively. While increasing the

 amd

current density, the value of current density at which power

generation ceased (critical current density) was taken as an

r—
p—

index of flooding resistance. In addition, the power

generation performance under ordilinary operating conditions

(cell temperature: 70°C) and high-temperature conditions (cell

temperature: 80°C) was also measured 1n the same manner.

[0076]

<Sticking Index>
After the examlnation of power generation performance,

the fuel cell was taken out from the membrane electrode assembly,

P

and the degree of sticking of the microporous layer to the

electrically conductive porous substrate 1n the gas diffusion

.

electrode at the time of disassembling the gas diffusion

electrode was gualitatively evaluated according to the
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following four levels, and taken as an sticking index.

10077}

Level 4: Separation is not caused only by disassembling;

when forcibly separated, separation occurs between the catalyst

layer and the microporous lavyer.

10078

Level 3: Separation i1s not caused only by disassempbling;

when forcibly separated, cohesilive fracture occurs 1n the

microporous layer, and most of the microporous layer remalns

on the electrically conductive porous substrate side.

L 0079]

Level 2: Separation 1s not caused only by disassembling;

when forcibly separated, cohesive fracture occurs 1n the
microporous layer, and the microporous layer remalns equally
on the electrically conductive porous substrate side and the

catalyst layer side.
(0080 ]

Level 1: The electrically conductive porous substrate 1s

separated only by disassembling, and almost no miCcroporous

layer remains on the electrically conductlve porous substrate.
(0081 ]
<Sticking Force>

Using the tensile test mode of “Autograph” (reglstered

trademark) AGS-X manufactured by Shimadzu Corporation, the

-

degree of stickling between the microporous layer and the

11
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electrically conductive porous substrate was quantifilied as

sticking force. The method for measuring sticking force will

be described in detail with reference to Fig. 7. In Fig. 7,
the downward arrow means the compression direction, and the

upward arrow means the tensile direction. As shown in Fig. 7/,

a double-stick tape (“"NICETACK” (reglstered trademark)

manufactured by Nichiban Co., Ltd., General Type NW-20) (403)

is stuck to the sample supporting surface (2.0 cm x 2.0 cm) ot

each of the upper and lower sample installation jigs (401,402)
installed to the tensile tester. A sample (404) prepared by

—
e

‘rom a gas diffusion electrode to a size of 2.24 cm X

Ll

cutting

2.24 cm was placed on the sample installation jig (402)

installed on the lower side of the tester, with the electrically

conductive porous substrate surface (405) faclng downward.
The tester is turned into the compression mode, and the other

upper sample installation jig (401) 1s pressed against the

sample from the microporous layer surface (406) side at 400 N

(surface pressure: 1 MPa) for 30 seconds. Subsequently, the

tester 1s turned into the tensile test mode, and the upper sample

installation jig (401) is raised at a speed of 0.5 mm/sec. The

maximum tension applied at that time was divided by the area

N

of the sample (2.24 cm x 2.24 cm) and taken as sticking force.

Three of the above samples (404) were produced and measured,

and thelr average was emploved.

0082 ]

45



CA 02940184 2016-08-18

(Example 1)
Using the wind-up conveying device shown 1n Fig. 3, a

rnn.
P—

carbon paper having a thickness of 100 uym and a porosity of 85%

and wound in roll form was mounted on an unwinding machine 2.

The carbon paper 1 was unwound from the unwinding machine 2,

and, while being conveyved on a guide roll 3, 1mmersed 1n an

immersion tank 15 filled with a repellent dispersion to perform
a water-repellent treatment. The carbon paper 1 was then dried
with a dryer 7 set at 100°C and wound up by a wind-up machine
9, thereby giving a water-repellent-treated electrically

conductive porous substrate. As the water repellent

dispersion, an FEP dispersion (“POLYFLON” (registered

trademark) FEP dispersion ND-110 (manufactured by Daikin

Industries, Ltd.)) was diluted with water to an FEP

concentration of 2 mass% and used. Incidentally, the sintering
furnace 8 was at room temperature, not heated.

[0083]

Next, using the device as shown in Fi1g. 1, the
water-repellent-treated electrically conductive porous
substrate described above was mounted on the unwinding machine

2. While unwinding the water-repellent-treated electrically

conductive porous substrate from the unwindling machine 2 and

winding 1t up by the wind-up machine 9, a microporous layer

coating liguid was applied from below using a die coater 5 to

the horizontally conveyed portion of the electrically
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conductive porous substrate (the angle between the substrate

surface and the horizontal plane: 0°), followed by drying with

the drver 7 and sintering 1n the sintering furnace 8, thereby

LB

giving a gas diffusion electrode.

0084 ]

The microporous layer coating liquid used 1s as follows.

100850

“DENKA-BLACK” (registered trademark) (/./ parts by mass)

manufactured by Denki Kagaku Kogyo K.K., 3.0 parts by mass of

an FEP dispersion (“POLYFLON” (registered trademark) ND-110

manufactured by Daikin Industries, Ltd.), 14 parts by mass of

a surfactant (“TRITON” (registered trademark) X-100

manufactured by Nacalal Tesqgue, Inc.), and /5.3 parts by mass

=

of ion exchange water were kneaded 1n a planetary mixer to adjust

the viscosity to 10 Pa*s, thereby giving a microporous lavyer
coating liquid.

[0086]

The dryving after the application of the microporous layer

coating ligquid was performed at 90°C, and the subsequent

sintering was performed at 350°C. The areal weight of the

microporous laver after drying and sintering was set at 15 g/mz,

and the thickness of the microporous layer was set at about 30

wm.
0087]

Incidentally, during the application of the microporous
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layer coating liquid, the coating liguid did not contaminate
the rolls at all.

0088 ]

(Comparative Example 1)

A gas diffusion electrode was prepared 1n completely the

same manner as in Example 1, except that the device eguipped

with a die coater as shown in Fig. 2 was used 1n replace of the

.

device of Fig. 1, and the microporous layer coating ligquid was

appliedwith the electrically conductive porous substrate being

conveyed in the vertical direction. Incidentally, during the

application of the microporous layer coating liguild, the

coating liguid transmitted through the electrically conductive

porous substrate, and contaminated the rolls. Thus, the rolled

were cleaned after the completion of application.

0089 ]

(Comparative Example 2)

A gas diffusion electrode was prepared 1n completely the

same manner as in Comparative Example 1, except that the wind-up

conveving device shown in Fig. 3 was used, and, 1n the formation

of the water-repellent-treated electrically conductive porous

substrate, the sintering furnace 8 was set at 370°C to perform

sintering at the same time.
(0090 ]
During the application of the microporous layer coating

liguid, the coating liguid transmitted through the electrically
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conductive porous substrate, and contaminated the rolls. Thus,

-

the rolled were cleaned after the completion of application.

However, there was less contamination as compared with

Comparative Example 2.

(0091 ]

(Example 2)

A gas diffusion electrode was prepared 1n completely the

same manner as in Example 1, except that the FEP dispersion used

for the water-repellent treatment of a carbon paper and the

microporous layer coating liquid 1n Example 1 was changeada to

-

a PTFE resin “POLYFLON” (reglistered trademark) PTFE dispersion

D-210C (manufactured by Daikin Industries, Ltd.), and the

sintering temperature was changed to 380°C. As 1n Example 1,

the coating liguid did not contaminate the rolls at all during

the application of the microporous layer coating liquid.

10092]

(Example 3)

A gas diffusion electrode was prepared 1n completely the

same manner as in Example 1, except that the FEP dispersion used

for the water-repellent treatment of a carbon paper 1n Example

1 was changed to a PTFE resin "POLYFLON” (registered trademark)

PTFE dispersion D-210C (manufactured by Daikin Industries,

Ltd.), and the sintering temperature was changed to 380°C. As

in Example 1, the coating li1quid did not contaminate the rolls

at all during the application of the microporous layer coating
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liguid.

0093

(Example 4)

.

"us1on electrode

A gas ditf

2016-08-18

was prepared 1n completely the

same manner as 1n Example 1, except that the FEP dispersion used

for the microporous layer coating ligquid 1n Example 1 was

]

changed to a PTFE resin “POLYFLON” (registered trademark) PTFE

dispersion D-210C {(manufactured by Daikin Industries, Ltd.),

and the sintering temperature

—

all during the application of

liquid.

10094 ]

(Example 5)

A gas diffusion electrode

was changed to 380°C. As 1n

Example 1, the coating ligquid did not contaminate the rolls at

the microporous layer coating

was prepared 1n completely the

same manner as in Example 1, except that the carbon paper having

—

a thickness of 100 um and a porosity of 85% was changed to a

carbon paper having a thickness

As in Example 1, the coating liqu

of 150 ym and a porosity of 85%.

1ddid not contaminate the rolls

at all during the application o:
liguid.

1 0090]

(Example 60)

A gas diffusion electrode

C the microporous layer coating

was prepared 1n completely the

same manner as 1n Example 1, except that the carbon paper having

00
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— —

a thickness of 100 um and a porosity of 850% was changed to a

carbon paper having a thickness of 180 um and a porosity of 85%.

As in Example 1, the coating liquid did not contaminate the rolls

at all during the application of the microporous layer coating

liguid.

(0096 ]

(Example /)

I

A gas diffusion electrode was prepared 1n completely the

same manner as in Example 1, except that the carbon paper having

g~

a thickness of 100 um and a porosity of 85% was changed to a

carbon paper having a thickness of 100 pm and a porosity of 75%.

As in Example 1, the coating liquid did not contaminate the rolls

at all during the application of the microporous layer coating
11guid.

(0097]

(Example 8)

A gas diffusion electrode was prepared 1n completely the

same manner as 1n Example 1, except that the amount ot

microporous layer coating liquid applied 1in Example 1 was

adjdstedfﬂujlthatTjwathickness(oftkmamicroporous]jwmnfwould

be 45pm1(areal'weight:ﬁHBg/HF). As 1n Example 1, the coating

liguld did not contaminate the rolls at all during the

—

application of the microporous layer coating liguid.

10098 ]

(Example 9)

ol



CA 02940184 2016-08-18

A gas diffusion electrode was prepared 1n completely the

except that the amount ot

same manner as in Example 1,

microporous layer coating ligquid applied 1n Example 1 was

adjusted such that the thickness of the microporous layer would

be70pm1(areal*weight:!%ig/n@). As 1n Example 1, the coating

liguid did not contaminate the rolls at all during the

appdlication of the microporous layer coating liquid.

(0099

(Example 10)

The microporous layer coating liguid 1n Example 1 was

changed to the following.

(0100}

“DENKA-BLACK” (regilstered trademark) (/.7 parts by mass)

manufactured by Denkil Kagaku Kogyo K.K., 3.0 parts by mass ot

an FEP dispersion (“"POLYFLON” (registered trademark) ND-110

B

manufactured by Daikin Industries, Ltd.), 3 parts by mass of

a surfactant ("TRITON” (registered trademark) X-100

manufactured by Nacalal Tesque, Inc.), and 86.3 parts by mass

- ion exchange water were kneaded 1in a planetary mixer, then

O

dispersed with a bead mill, and defoamed with an aspilrator,

The viscosity of the

thereby preparing a coating liguid.

mlicroporous layer coating ligqulid adjusted was 3.8 Pa‘s.

(0101 ]

In addition, because of the low viscosity of the coating

liguid of the above composition, when the coating ligquid was
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1

applied once, it was not possible to achieve the thickness of

30 um. Therefore, the application was performed twice to

)

it

achieve the thickness of 30 um. A gas diffusion electrode was

prepared in the same manner as 1n Example 1, except that

application was performed twice using this microporous layer

coating ligquid. The microporous layer applied 1n this manner

was dense, and the porosity was 52%. As 1n Example 1, the

coating liquid did not contaminate the rolls at all during the

o

application of the microporous layer coating liguid.

10102]

(Example 11)

A gas diffusion electrode was produced 1n completely the

same manner as 1n Example 1, except that the water repellent

]

dispersion in Example 1 was changed to a PTFE resin “"POLYFLON”

(registered trademark) PTFE dispersion D-210C (manufactured by

Daikin Industries, Ltd.) diluted with 1on exchange water to 0.2

mass%. Because the water repellent dispersion was diluted, the

amount of water repellent attached to the fiber forming the

carbon paper was reduced, resulting 1n a sliding-down angle of

90° or more (sliding-down did not occur even when inclined to

90°) . As in Example 1, the coating liquid did not contamlnate

the rolls at all during the application of the microporous layer
coating liguid.
(0103]

Table 1 summarizes the processing conditions and
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)

characteristics of the gas diffusion electrodes produced 1in the

examples and comparative examples. It can be seen that 1n the

examples within the range of the gas diffusion electrode of the

present invention, the penetration i1ndex is small, and the gas

diffusivity is excellent, 1ndicating excellent power

generation performance. At the same time, the sticking force

is also excellent. In addition, 1n some of the examples, when

the product was outside the range of the gas diffusion electrode

of the present invention, the power generation performance and

the sticking level were slightly inferior. However, because

manufacturing was performed employing the method of the present

invention, the microporous layer surface hardly had defects in

r-
—

appearance, such as the attachment of foreign matters, and also

the productivity was high without contaminating the process.

04
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(0104 ]
[Table 1]
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EE SIGNDS

DESCRIPTION OF REF.

K3
o~
(7]
Z
@

0105]

1: Electrically conductive porous substrate (carbon
paper)

2: Unwlnding machine

3: Guide roll (not driven)

4+ Die coater A

H: Die coater B

6: Back roll (driven)

/: Drver

3: Sintering furnace

9: Wind-up machine

10: Inserting paper

11: Inserting paper unwinding machine
12: Coating liquid tank
13: Liguid supply pump

14: Filter

15: Immersion tank

101: Electrically conductive porous substrate

102: Microporous layer

101A: Thickness of electrically conductive porous
substrate
102A: Thickness of microporous layer

103A: Thickness of gas diffusion electrode

D0
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201: Electrolyte membrane
202: Anode-side catalyst layer

203: Cathode-side catalyst layer

204: Gas diffusion layer
205: Separator
200: Gas channel

207: Ri1b

301: Massflow controller
302: Pipe A

303: Valve A

304: Pressure controller
305: Valve B

306: Pipe B

307: Gas chamber A

308: Gas diffusion electrode sample

309: Gas chamber B

310: Pipe C

3717: Gas flowmeter

312: Sealant

313: Nitrogen gas

401: Sample installation 3J1g (upper side)
402: Sample installation Ji1g (lower side)

403: Double-stick tape

404: Gas diffusion electrode sample

405: An electrically conductive porous substrate surface

Y
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406: Microporous layer surface
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CLAIMS

T

fusion electrode for use 1n a fuel cell,

1. A gas di:
comprising an electrically conductlive porous substrate and, on

,l-'I

at least one side thereof, a microporous layer contalning

electrically conductive microparticles and a water-repellent

resin,

h

the gas diffusion electrode having a through-thickness

'q
—

gas diffusivity of 30% or more,

the electrically conductive porous substrate having a

sliding-down angle of 70° or less and a porosity of 80% or more,

the microporous layer having a thickness of 10 um or more

and 50 um or less and a porosity of 0% or more and 95% or less.

2. The gas diffusion electrode according to claiml, whereln

the electrically conductive porous substrate has a thickness

———
p—

of 150 um or less.

3. The gas diffusion electrode according to claim 1 or 2,

having an in-plane gas permeability of 25 cc/min or more.

4 . The gas diffusionelectrode according to any one of claims

1 to 3, whereln the electrically conductive porous supstrate

1S a carbon paper.

5. The gas diffusion electrode according to any one of claims
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1 to 4, wherein the sticking force between the electrically

conductivegxnxnmssubstrateenmithenuﬁmxmxnxnmslayerj£35bwkmf

Or Mmore.

0. The gas diffusion electrode according to any one of claims

’--
p—

1 to 5, wherein the gas diffusion electrode has a

r
poa

through-thickness gas diffusivity of 32% or more, the

electrically conductive porous substrate has a thickness of 120

um or less and a porosity of 85% or more, and the microporous

layver has a thickness of 10 um or more and 40 um or less.

1)

7. The gas diffusion electrode according to any one of claims

1 to ©, wherein the water-repellent resin 1s

polytetratluoroethylene or a

tetrafluorcethylene-hexafluoropropylene copolymer.

3 . A method for manufacturing a gas diffusion electrode for

use in a fuel cell, including an electrically conductive porous

substrate and, on at least one side thereof, a microporous layer

containing electrically conductive microparticles and a

water—-repellent resin,

the method comprising conveylng or 1nstalliling an
electrically conductive porous substrate approximately
horizontally, and then applying thereto, from below, a

microporous layer coating liquid prepared by kneading

00
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electrically conductive microparticles, a water-repellent

resin, and a dispersionmedium, followed by drying and sintering,

thereby giving a gas diffusion electrode.

)

9. The method for manufacturing a gas diffusion electrode
according to claim 8, wherein the electrically conductive

porous substrate is subjected to a water-repellent treatment

with a water repellent before the application of the microporous

layer coating liquid, and the water repellent 1s not sintered.

"

10. The method for manufacturing a gas diffusion electrode
according to claim 8 or 9, wherein the electrically conductive

porous substrate conveyed or 1installed approximately

horizontally is unwound from an electrically conductive porous

substrate roll wound in an elongated form, and, after the

application of the microporous layer coating liquid from below,

the gas diffusion electrode is wound up, while preventing the

application surface from contacting a conveying roll.

I}

fusion electrode

11. The method for manufacturing a gas di:

g

according to any one of claims 8 to 10, wherein the microporous

layer coating liguid applied from below 1s dried wilith the
penetration thereof into the electrically conductive porous

substrate belng suppressed.

ol
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12. The method for manufacturing a gas diffusion electrode

according to any one of claims 8 to 11, wherein the microporous

b

layer coating liquid applied from below 1s dried and sintered

with the penetration thereof into the electrically conductive

porous substrate being suppressed.

LB

13. The method for manufacturing a gas diffusion electrode

—

according to any one of claims 8 to 12, wherein the microporous

layer coating ligquid 1is applied only from below.

|]

14 . The method for manufacturing a gas diffusion electrode

according to any one of claims 8 to 13, whereln the microporous

pr—

layer coating liquid has a viscosity of 1,000 mPa*s or more.

02
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