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ABSTRACT

A process of producling an electrode paste having

excellent storage stability and capable of forming a catalyst

layer that has a sufficient pore volume for high generating

5 performance, and an electrode paste composition having such
properties are disclosed. The process comprises mixing and

agitating carbon black supporting a catalyst metal, a polymer

electrolyte, an organic solvent and at least either carbon

fiber or water thereby to finely disperse the carbon black to

10 a predetermined mean particle diameter of particles dispersed

in the mixed solution, and admixing a dispersant to the mixed

solution and agltating the resultant mixture to obtain an

electrode paste inwhich particles having a predetermined mean

particle diameter are uniformly dispersed.
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DESCRIPTION

&

PASTE AND

L]

PROCESS OF PRODUCING ELECTROD:

FELECTRODE PASTE COMPOSITION

5
FIELD OF THE INVENTILON
The present inventilion relates to a process of produclng
an electrode paste for fuel cell electrode, and to an electrode
paste composition.
10

BACKGROUND OF THE INVENTION

Polymer electrolyte fuel cells produce electric enerqgy

from electrochemical reaction between a hydrogen-containing

fuel gas and an oxygen-containing oxidizing gas such as air.
15 The polymer electrolyte fuel cell has a polymer electrolyte

membrane which selectively conducts hydrogen i1ons. The

polymer electrolyte membrane constitutes a central part of the

fuel cell and is sandwilched between catalyst layers and further

between electrode substrates. Each palr of the catalyst layer

20 and the electrode substrate forms an electrode. When a gas

diffusion layer 1s disposed between the catalyst laver and the

electrode substrate, these three constitute an electrode. In

-~

the fuel cell, a plurality of polymer electrolyte

membrane-electrode assembllies are electrically connected in
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“carbon black particles which support metal catalyst such as
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series via a conductive separator in which fuel channels are

formed for the passage of reactant gases.

The catalyst layer 1n the electrode 1s generally prepared

by coating the electrode substrate with a paste that contains

platinum and’ a polymer electrolyte, and drying the resultant
coating (see Patent Document 1).
Patent Document 1: JP-A-2003-59505

However; the electrode pastes conventionally used have

F

nonuniform dispersion of particles and thus storage

instability. The storage stability may be improved by mixing
carbon black, a polymer electrolyte, an organic solvent and
the like after addition of a dispersant. But the resultant
paste composition gives a catalyst layer in which'the

catalyst—-supporting carbon and the polymer electrolyte have

so a close relatlon that the pore volume is insufficient. As

a consequence, the fuel and oxygen gases cannot contact with

the catalyst adequately and the water produced causes flooding

and like problems. Therefore, the fuel cells having such

electrode layers exhibit lowered generating performance;

OBJECTS OF THE INVENTION
The present invention has been made in order to solve

the aforesaid problems of the conventional art. Therefore,
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1t 1s an cbject of the 1nvention to provide a process o:

producing an electrode paste having excellent storage

T 1}

stability and capable o

forming a catalyst layer that has a

sufficient pore volume for high generating performance. A

5 further object of the 1nvention is to provide an electrode paste

composition having the above properties.

DISCLOSURE OF THE INVENTION

The present 1nventors have found that separate addition

10 of a dispersant at a predetermined time in the production of

an electrode catalyst paste enables control of the mean

P

particle diameter of dispersed particles and control of

i

adsorption of the dispersant onto the dispersed particles,

with_the result that an electrode paste is obtained which

15 exhiblts good storage stability and can give a catalyst laver

P
s

having a sufficient pore volume for high generating

verformance.

A process of producling an electrode paste according to
the present invention comprises mixing and agitating carbon

20 black supporting a catalyst metal, a polymer electrolyte and

an organic solvent thereby to finely disperse the carbon black

to a predetermined mean particle diameter of particles

dispersed in the mixed solution, and admixing a dispersant to

the mixed soluticon and agitating the resultant mixture to
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obtaln a paste 1n which particles having a predetermined mean

particle diameter are uniformly dispersed.

‘n another embodiment, the process of producing an
electrode paste according to the present i1nvention comprilses

mixing and agitating carbon black supporting a catalyst metal,

a polymer electrolyte and an organic solvent thereby to finely

disperse the carbon black to a predetermined mean particle

diameter of 1.0 to 20 um of particles dispersed in the mixed

solution, and admixing a dispersant to the mixed solution and

agitating the mixture to obtain a paste 1n which particles

having a mean particle diameter of 0.2 to 5.0 um are uniformly

dispersed.

#

In a further embodiment, the process of producing an

electrode paste according to the present invention comprises

mixing and agilitating the afcresaid ingredients and carbon

fiber théreby to finely disperse the carbon black, and admixing

a dispersant to the mixed solution.

In a still further embodiment, the process of producing

an electrode paste according to the present invention

comprises milxing and agltating the aforesaid ingredients and

water thereby to finely disperse the carbon black, and admixing

a dispersant to the mixed solution.
An electrode paste composlition according to the present

invention comprises carbon black supporting a catalyst metal,
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a polymer electrolyte, an organic solvent and a dispersant,

and contalns particles 0.2 to 5.0 um 1n mean particle diameter

that are uniformly dispersed therein.

The electrode paste composition may further contain

carbon Ifiber.
The electrode paste composition may further contain

water.

EFFECTS OF THEE INVENTION

The processes of the 1nvention can produce an electrode

paste having excellent storage stability and capable of giving

a catalyst layer that has a sufficient pore volume for high

generating performance.

The electrode paste compositions of the i1nvention have

excellent storage stability and can give a catalyst layer that

has a sufficient pore volume for high generating performance.

PREFERRED EMBODIMENTS OF THE INVENTION

Herelnbelow, the present invention will be described in

detail.

F

The process of producing an electrode paste according

to the 1nvention first performs mixing and agitation of carbon
black supporting a catalyst metal (hydrogen reduction

catalyst), a polymer electrolyte and an organic solvent
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thereby to gradually disperse the carbon black into fine

particles. The agitation 1s continued until particles
dispersed in the mixed sclution have a predetermined mean

particle diameter, thereby obtaining a mixed solution in which

particles having a predetermined mean particle dliameter are

F

uniformly dispersed. The mean particle diameter of the

dispersed particles in the mixed solution may be controlled

by changing the agitating time or rate depending on conditions.

Where necessary, at least either carbon fiber or water may be

added together with the aforesaid ingredients.
Subsequently, a dispersant 1s admixed to the mixed
solution and the mixture 1s agitated to give a paste 1n which

particles having a predetermined mean particle diameter are

uniformly dispersed.

As described above, the dispersant is added separately

from the other i1ngredients at a predetermined time. This

allows control of the'mean particle diameter of dispersed
particles and control of adsorption of the dispersant onto the
dispersedparticles. This separate addition of the dispersant
enables the resultant electrode paste composition to exhibit
excellent storage stability, to have an apprOpfiate mean

particle diameter of the dispersed particles, and to give a

catalyst layer that has a sufficient pore volume for high

generating periormance.
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Hereinbelow, each 1ngredient will be described.

<Catalyst metal>

The catalyst metal (hydrogen reduction catalyst) is

preferably a noble metal catalyst such as platinum, palladium,
gold, ruthenium or iridium. The noble metal catalysts may
contain two or more elementS, such as noble metal alloys or
mixtures of noble and dissimilar metals.

LCarbon black>

For use as the carrier carbon black for the aforesaid

catalyst metal, oil furnace blacks, channel blacks, lamp

blacks, thermal blacks, acetylene blacks and the like are

preferable due to their good electron conductivities and large

specific surface areas.

The oil furnace blacks include those carbon blacks

commercially available under the trademarks of VULCAN XC-72,

VULCAN P, BLACK PEARLS 8380, BLACK PEARLS 1100, BLACK PEARLS
1300, BLACK PEARLS 2000, REGAL 400 (all available from Cabot
Corporation), KETJENBLACK EC (available from Lion

Corporation), and products Nos. 3150 and 3250 of Mitsubishi

Chemical CorporétionJ The acetylene blacks include DENKA

[ p—

Denki.Kagaku\Kogyo K.K.).

BLACK (available from

Furthermore, natural graphites, pitches, cokes, carbon,

and synthetic graphites cobtained from organic compounds such

as polyacrylonitriles, phenclic resins and furan resins, are
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emplovyable.

1

These carbon blacks may be in the form of particles or

fibers.

<Polymer.eleCtrolyte>

The polymer electrolyte for use in the 1nvention 1is
preferably a polymer having proton exchange groups for
enhancing the proton conductivity in the catalyst layer. The
proton eXchange groups 1include sulfonic groups, carboxylic
groups and phosphoric groups. Although the polymer with such
proton exchange groups may be selected withcout limitation, a

proton—-exchange polymer composed of a fluoroalkyl main chain

and a fluoroalkyl ether side chain, or a sulfonated polyarylene
may be preferably employed. Moreover, fluorine-containing

polymers, ethylene or styrene polymers, copolymers and blends

thereof that contain the proton exXxchange groups are also
employable.
<Organic solvent>

The organic solvents for use 1n the Invention include
methanol,-ethanol, n-propyl alcohol, Z-propancl,
2-methyl-2-propancl, Z-butanol, isobutyl alcohol, n-putyl
alcohol, Z-methyl-leropanol, 1~pentanol, 2-pentanol,
3-pentanol, Z—methyl—lmbﬁtanol, 3-methyl-1l-butanol,
2-methyl-Z2-butanol, 3-methyl-Z2-butanol,

2,2-dimethyl-1l-propancl, cyclohexanol, l-hexanocl,
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2-methyl-1l-pentanol, Z-methyl-Z-pentanol,
4-methyl-Z2-pentanol, Z-ethyl-l-butanol,
l-methvlcyclohexanol, Z-methylcyclohexanol,

3-methylcyclohexanol, 4-methylcyclohexanol, 1l-octanol,

2—-octanol, Z-ethvl-l-hexanol, furan, tetrahydrofuran,

tetrahydropyran dioxane, butyl ether, phenyl ether, isopentyl

~ether, diethoxyethane, bis(Z-methoxyethyl)ether,
bis(Z—ethoxyethyl)ether,cineole,kﬁﬂwqd_ethyleﬂjmn; aniscle,
phenetole, acetal, a'ce'tone, methyl ethyl ketone, Z-pentanone,

3-pentanone, cyclopentanone, cyclohexanone, 2Z-hexanone,

4-methyl-Z-pentanone, Z-heptanone, 2,4-dimethyl-3-pentanone,
Z—-octanone, n-butyl acetate, isobutyl acetate, sec-butyl

acetate, pentyl acetate, 1sopentyl acetate, 3—-methoxybutyl

acetate, methyl butyrate, ethyl butyrate, methyl lactate,

ethyl lactate, butyl lactate, dimethyl sulfoxide,

N-methylformamide, N,N-dimethylformamide,

N, N~-diethylformamide, N,N-dimethvlacetamide and

N-methylpyrrolidone. These may be used singly or in

P

combilination of two or more kinds.

<Dispersant>

The dispersants employable in the invention include:

anionic surfactants such as N-methyltauroc oleic acid,

potassium oleate/diethanolamine salts, triethanolamine

alkylether sulfate, triethanolamine polyoxyethylene
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alkylether sulfate, amine salts of specially modified

polyetherester acids, amine salts of higher fatty acaid

pr—

derivatives, amine salts of speciliallymodified polyester acids,

gr—

amine salts of high molecular weight polyetherester acids,

p—

amine salts of speciallymodified phosphates, amidoamine salts

of high molecular weight polyester acids, amidoamine salts of

S~

special fatty acid derivatives, alkylamine salts of higher

i 1)

polycarboxylilic aclds;

catlionic surfactants such as

fatty acids and amidoamine salts of high molecular weight

benzyvldimethyl{2-[{2-(P-1,1,3,3-tetramethylbutylphenoxvy)

ethoxy]ethyl}lammonium chloride, octadecylamine acetate,

tetradecylamine acetate, octadecyltrimethylammonium chloride,

tallowtrimethylammonium chloride, dodecyltrimethylammonium

chloride, cocotrimethylammonium chloride,
hexadecyltrimethylammonium chloride,
behenvltrimethylammonium chloride,

cocodimethylbenzylammonium chloride,

tetradecy“diﬁethylbenzylammonium chloride,

octadecyldimethylbenzylammonium chloride,

diocleyldimethylammonium chloride, quaternary salt of

lmhydroxyethyl—Z*tallowimidazoline,

2-heptadecenvyl-hydroxyethylimidazoline,

stearamidoethyldiethylamine acetate,
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stearamidoethyldiethylamine hydrochloride, triethanolamine

monostearate formate, alkylpyridium salts, ethylene oxide

adducts with higher alkylamines, polyacrylamide amine salts,

modified polyacrylamide amine salts and gquaternary ammonium

o
p—

iodide o3

perflucrocalkyl;

ampholytic surfactants such as dimethylcocobetaine,

dimethyllaurylbetaine, laurylaminoethylglycinesodilum,

sodium laurylaminopropionate, stearyldimethylbetaine,

lauryldihydroxyethylbetaine, amidobetaihe,

imidazoliniumbetaine, lecithin, sodium

3-Tw-fluorcalkanoyl-N-ethylamino]-l-propanesulfonate and

N-[3-(perfluorooctanesulfonamido)propyl]~-N,N-dimethyl-N-

carboxymethyleneammonliumbetaine; and

nonionic surfactants'§uChfas‘CdéOfatty aclid
diethanolamide (1:2 type), cocofatty acid diethanolamide (1:1
type), talliow diethanolamide (1l:2 type), tallow
diethanolamide (1l:1 type), oleic acid diethanclamide (1:1
type), hydroxyethyl laurylamine, polyethyleneglycol
laurylamine, polyethyleneglycol cocoamine, -
polyethyleneglycol stearylamine, polyethyleneglycol

tallowamine, polyethyleneglycol tallowpropylenediamine,

polyethyleneglycol dioleylamine, dimethyllaurvlamine oxide,
dimethylstearylamine oxide, dihydroxyethyllaurylamine oxide,

perfluoroalkylamine oxide and polyvinylpyrrolidone. These
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may be used singly or in combination of twoO or more kinds. Of

these, the anionic and cationic surfactants are preferred.

The surfactants ranging in molecular weight from 5,000 to

30,000 are preferable.

The surfactants give the electrode paste composition
good storage stability and fluidity, and also enable excellent

application properties.

<Water>
The electrode paste composition may optionally contain

water.

Addition of water to the electrode paste cOmposition 1S

L

effective to reduce the risk of heat generation and ignition
in the preparation of the electrode paste.

<Carbon fibér>

The electrode paste composition according to the

invention may optionally contain carbon fiber.

The carbon fibers employable in the invention include
rayon carpon fibers, PAN carbon fibers, Ligunin-Poval carbon
fibers, pitch carbon fibers and vapor grown carbon fibers. OFf

these, the vapor grown carbon fibers are preferable.

Adcition of the carbon fiber enables the electrode paste

composition to give an electrode layer having a larger pore

volume. Therefore, the diffusibility of the fuel and oxygen

gases may be enhanced and the flooding of water produced or
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other similar problems will be prevented, thus leading to

improvement 1n generating performance.

In the production of the electrode paste composition,

the carbon black supporting the catalyst metal is preferably

used in an amount of 1 to 20% by mass, and more preferably 3

to 10% by mass based on all the ingredients.

- When the amount of the carbon black is less than 1% by

mass, the electrode reactivity will be lowered, and when it

exceeds 20% by mass, the electrode paste compositicn will be

sO viscous that the appliication may produce nonuniform effect.

The polymer electrolyte 1s preferably used 1n an amount

of 1 to 30% by mass, and more preferably 1 to 15% by mass based

on all the 1ngredients.

Any amounts of the polymer electrolyte less than 1% by

mass will lead to lowered proton conductivity. The pblymer

electrolyte, when used in such an insufficient amount, cannot
work as a binder and thus the formation of electrode may fail.
Also, when the polymer electrolyte is used in an amount over

F

30% by mass, the pore volume of the electrode will greatly

decrease.

—
—

The organic solvent 1s preferably used in an amount of

1 to 95% by mass, and more preferably 30 to 80% by mass based
on all the ingredients. When the organic solvent is used in

amounts from 1 to 95% by mass, excellent coating properties
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can be obtained in the production of electrodes.

The dispersant 1s preferably used 1n an amount of 0.01

to 10% by mass, and more preferably 0.05 to 2% by mass based

on all the ingredients . When the dispersant 1is used 1n amounts

of 0.01 to 10% by mass, the electrode paste composition can

exhibit excellent storage stability and flowability.

The opticnal carbon fiber is preferably used 1n an amount

of up to 20% by mass, and more preferably from 1 to 10% by mass

based on all the ingredients. Addition of the carbon fiber

leads to 1ncrease of the pore volume of the electrode. However,
any amount thereof exceeding 20% by mass results in lowered
electrode reactivity.

The optioconal water 1ls preferably used i1n an amount of

up to 70% by mass, and more preferably from 5 to 30% by mass

based on all the ingredients. When the water is used in amounts

within the above range, the risk of heat generation and ignition

in the production of the electrode paste composition may be
reduced.

The electrode paste composition of the i1nvention may be

produced from the aforesaid i1ngredients by the following
process. The carbon'black supporting the catalyst metal, the
polymer electrolyte, the organic solvent, and optionally at

least either the carbon fiber or water are admixed and agitated

‘to gradually pulverize the carbon black into fine particles.
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The agitatlion 1s continued until the particles dispersed in

the mixed solution have a predetermined mean particle diameter,

- thereby obtaining a mixed solution in which tThe particles

having a predetermined mean particle diameter are dispersed.

The agitation may be performed by the conventional
apparatus without limitation. Preferably, the agitation'ié
carried out such that a low shear i1s applied and the mean
particle diameter 1s controlled by agitation time. The mixed

soclution of the above 1ngredients except the dispersant is

preferably a uniform solution that contains dispersed

particles whose mean particle diameter is 1.0 to 20 um, and

more preferably 2.0 to 10 um. The mean particle diameter less

than 1.0 um leads to insufficlent storage stability and causes

difficulty 1n obtaining a catalyst layer having a sufficient

pore volume required for high generating performance.

Contrary, when the mean particle diameter exceeds 20 um, the

solution 1s unlikely to become uniform.
Subsequently, the dispersant (dispersant solution) is
admixed to the above mixed solution and aglitated to give a paste

1in which particles having a predetermined mean particle

dliameter are uniformly dispersed. The agitation is desirably
carried out with control of agitation time or the like so as

to achleve a mean particle diameter of the dispersed particles

preferably ranging from 0.2 to 5.0 um, and more preferably from
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0.4 to 3.0 um. The mean particle diameter less than 0.2 um

r—

causes difficulty in obtaining a catalyst layver having a

sufficient pore volume required for high generating

performance. Contrary, when the mean particle diameter

exceeds 5.0 um, application properties of the paste will be

lowered and the resultant electrode may be so brittle that the

electreocde structure may not be malntalned.

Simultaneous mixing of the dispersant solution with the

#

other ingredients results in difficult uniform adsorption of

the dispersant onto the particles, prolonged agltation time,

a catalyst layer having an insufficient pore volume to cause
low generating performance, and poor storage stability.

The electrode paste composition produced as described

above may be applied on an electrode substrate or a polymer
electrolyte membrane (proton conductilive membrane).

The application methods 1nclude brushing, brush coating,

bar coating, knife coating, screen printing and spray coating.

Alternatively, the electrode paste composition may be applied

on a substrate (transfer substrate) and thereafter the

thus-formed catalyst layer may be transferred onto an

electrode substrate or a proton conductive membrane. The-

transfer substrate used herein may be a

polytetrafluoroethylene (PTFE) sheet or a release-coated

glass or metal plate.
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The electrode substrate for use 1n the 1lnvention may be

selected from those electrode substrates commonly used in fuel

cells. Examples thereof include porous conductlve sheets

mainly composed of conductive substances. The conductive

5 substances are, for example, calcined polyacrylonitriles,

calcined pitches, carbon materials such as graphites and

expanded graphites, stainless steel, molybdenum and titanium.

The conductive substances may have the form of fibers or

-y

particles, but are not limited thereto. Fibrous conductive

10 inorganic substances (i1norganic conductive fibers),

particularly carbon fibers, are preferable. The porous

pr—

conductive sheets made of such inorganic conductive fibers may

be woven or nonwoven fabrics. The woven fabrics include plain

fabrics, twill fabrics, satin fabrics, designed fabrics and

15 figured fabrics. Exemplary nonwoven fabrics are nonwoven

fabrics obtailned by papermaking methods, needle punched

nonwoven fabrics, spunbonded nonwoven fabrics, water jet

punched nonwoven fabrics and meltblown nonwoven fabrics.

(~

Knitted fabrics of inorganic conductive fibers are also usable

20 as the porous conductive sheets.

These fabrics, particularly when composed of carbon

fibers, are preferably woven fabrics obtained through

carbonization or graphitization of plain fabrics of

flame-resistant spun varns, or nonwoven fabrics obtained
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through carbonization or graphitization of needle punched or

water jet punched nonwoven fabrics of flame-resistant varns,

or nonwoven mats obtained by papermaking technique for

flame-resistant vyarns, or carbonized or graphitlzed vyarns.

For example, carbon paper TGP series and SO series (avallable

from Toray Industries, Inc.) and carbon cloths produced by

E-TEK may be preferably used.

According to a preferred embodiment of the invention,
conductive particles such as carbonhblacks, or conductivéL
fibers such as carbon fibers may be incorporated in the porous
conductive sheet used in the invention. The incorporation is
advantageous 1n that such conductlve materlals play an

auxiliary roll to provide higher conductivity.

EXAMPLES

The present invention will be hereinafter described in

greater detail by the following Examples, but it should be
construed that the invention is in no way limited to those

Lbxamples.

[Example 1]

P

|Preparation of paste A]

A 110 ml glass bottle was charged with:

55 g of nylon balls 9.5 mm in diameter (trade name: Nylon

balls, available from AS ONE CORPORATION) ;
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2.47 g of platinum-supporting carpbon black particles (Pt

content: 46% by mass, carbon black content: 54% by mass);

5.61 g of distilled water;

12.84 g of a water—-alcohol solution containing 20.6%

5 Nafion (trade name, available from Dupont) (water:alcohol-=

20:060);

21.05 g of n—-propyl alcohol; and

O.95Hg'of”vépor'grown carbon fiber (trade name: VGCF,

avallable from Showa Denko K.K.).

10 They were aglitated with a wave rotor at 60 rpm for 30

min to give a mixed solution. Subsequently, 0.079 g of a
dispersant (trade name: DAZ34, availlable from Kusumoto .
Chemicals, Ltd.) was added to the mixed solution, and the

mixture was agitated with a wave rotor at 60 rpm for 30 min

15 to give a paste A having a viscosity of 300 cp (25”3),

[Example 2]
[Preparation of paste B]

A 110 ml glass bottle was charged with:

55 g of zirconia balls 10 mm in diameter (trade name:
20 YTZ balls, availablé from Nikkato Corporation) ;
3.47 gof platinumwsﬁpporting carbon black particles (Pt
content: 460% by mass, carbon black content: 54% by mass);
5.01 g of distilled water;

12.84 g of a water-alcohol solution containing 20.6%
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Nafion (trade name, available from Dupont) {(water:alcohol

20:00) ;

p—

21.05 g of n-propyl alcochol; and

0.95 g of vapor grown carbon fiber (trade name: VGCEF,

5 avalillable from Showa Denko K.K.).

They were agltated with a wave rotor at 60 rpm for 30

min to give a mixXed solution. Subsequently, 0.079 g cf a

dispersant (trade name: DA2Z234, available from Kusumoto
Chemicals, Ltd.) was added to the mixed solution, and the

10 mixture was agitated with a wave rotor at 60 rpm for 30 min

Lo give a paste B having a viscosity of 350 cp (25°C).

|[Comparative Example 1]

B

| Preparation of paste C]

A 110 ml glass bottle was charged with:

15 55 g of zirconia balls 10 mm in diameter (trade name:

YTZ balls, available from Nikkato Corporation):;
3.47 gof platinum-supporting carbon black particles (Pt
content: 46% by mass, carbon black content: 54% by mass);

5.61 g of distilled water;

ﬁ

20 12.84 g of a water-alcohol solution containing 20.6%

Nafion (trade name, available from Dupont) (water:alcohol =

20:60);

21.05 g of n-propyl alcohol; and

0.95 g of vapor grown carbon fiber (trade name: VGCEF,
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avallable from Showa Denko K.K.).

They were

agitated with a wave rotor at o0 rpm for 30

min to gilive a mixed solution. Subsequently, 0.0/9 g of a

dispersant (trade name: DAZ34, avallable Ifrom Kusumoto

5 Chemicals, Ltd.) was added to the mixed solution, and the

mixture was agitated with a wave rotor at 60 rpm for 70 min

to glve a paste

pr—

C having a viscosity of 650 cp (25°C).

[Comparative Example 2]

i

[Preparation of

paste D]

10 A 110 ml glass bottle was charged with:

55 g of zirconia balls 10 mm in diameter (trade name:

YTZ balls, available from Nikkato Corporation);

3.47 gofp

content: 46% by

15 5.01 g of

latinum-supporting carbon black particles (Pt

mass, carbon black content: 54% py mass):;

distilled water;

—

- a water-alcohol solution containing 20.6%

12.84 g o:

20:00);
21.05 g o

20 0.95 g of

Nafion (trade name, avallable from Dupont) (water:alcohol =

gy

- n-propyl alcohol; and

vapor grown carbon fiber (trade name: VGCE,

- availlable from Showa Denko K.K.).

They were

min to give a mixed solution. Subsequently, 0.079 g of a

agitated with a wave rotor at 200 rpm for 70

dispersant (trade name: DAZ34, avallable from Kusumoto




5

15

20
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O

Chemicals, Ltd.) was added to the mixed solution, and the

mixture was agitated with a wave rotor at 200 rpm for 60 min

P

to give a paste D having a viscosity of 1000 cp (25°C).

[Comparative Example 3]

cp-l

'Preparation of paste E]

A 110 ml glass bottle was charged with:

55 g of zirconia balls 10 mm in diameter (trade name:

YTZ balls, available from Nikkato Corporation);

F
aaal

3f47gcx_p"atinumwsupportingCmrbonkiuuﬂ<particles(P%

content: 46% by mass, carpbon black content: 54% by mass);

g

5.01 g of distilled water;

i

12.84 g of a water-alcohol solution containing 20.6%

Nafion (trade name, available from Dupont) (water:alcohol =

20:00) ;

21.05 g of n-propyl alcohol;

0.95 g of vapor grown carbon fiber (trade name : VGCE,

avallable from Showa Denko K.K.); and

P

0.079 g of a dispersant (trade name: DAZ34, avallable

from Kusumoto Chemicals, Ltd.).

They were agitated with a wave rotor at 60 rpm for 90

p—

min to give a paste E having a viscosity of 900 cp (25°C). -

7]

[Comparative Example 4]

g

[Preparation of paste I']

A 110 ml glass bottle was charged with:
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N
Y,

55 g of zirconia balls 10 mm 1n diameter (trade name:

YTZ balls, available from Nikkato Corporation);

3.47 gof platinum-supporting carbon black particles (Pt

content: 46% by mass, carbon black content: 54% by mass);

Nafion (trade name, available from Dupont) (water:alcchol

5.61 g of distilled water;

P

12.84 g of a water-alcchol solution containing 20.6%

H

20:60);

10

21.05 g of n-propyl alcohol; and

0.95 g of vapor grown carbon fiber (trade name: VGCE,

avallable from Showa Denko K.K.).

They were agitated with a wave rotor at 200 rpm for 60

min to give a give a paste F having a viscosity of 1400 cp (25°C)..

The pastes A to F were subjected to the following

15 measurements and evaluations.

(Evaluation of storage stability)

The pastes A to F were each placed in a 50 cc glass bottle

and allowed to stand at room temperature for a week. The upper

and lower portions of the paste in the bottle were collected

20 each i1n an amocunt of 0.5 cc, and dried on a hot plate at 95°C

for 10 min. Solid concentrations were compared between the

upper and lower portions to determine whether sedimentation

ON

1}

rticles had occurred.

joF=

p—

(Measurement of viscosity)




10

15
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(

The viscosity was measured on a rheometer after 10 sec

retention at a shear rate of 75 sec™?.

(Measurement of mean particle diameter)

On the assumption that the electrode layer formed had
a structure in which sphere particles were closely arranged,
the mean particle diameter was determined by particle size
distribution analysis by a mercury penetration method using
a mercury porosimeter.
(Measurements bf poré distribution and pore volume)

The pastes A to F were each applied on carbon paper in

an amount in terms of platinum of 0.5 mg/cm®, with use of a

doctor blade. The resultant coatings were died at 95°C for

10 min to form electrodes.

The pore distribution and pore volume of each ‘eléctrode
were measured by a mercury penetration method using a mercury
porosimeter.

The results of the storage stability evaluation and

measurements of mean particle diameter, Vviscosity, pore

distribution and pore volume are set forth in Table 1.
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(Production of fuel cell and evaluation cf 1ts performance)

A 35 um thick Naficon membrane was sandwiched between two

electrodes produced as described above. They were hot-pressed

at 160°C and 40 kg/cm® for 15 min to form an membrane-electrode

assembly. Thereafter, the assembly was sandwiched between two
titanium collectors, and a respective heater was provided

outside each of the collectors. Thus, a fuel cell having an

effective area of 25 cm® was prepared.

The temperature of the fuel cell was maintained at 50°C,

and hydrogen and oxygen were supplied thereto at 90% or more
relative humidity and 2 atmospheric pressure. Under these

conditions, the voltage between the terminals was measured at

F
pp—

a current density of 0.5 A/cm® and 1.0 A/cm?.

Separately, the temperature of the fuel cell was

maintained at 80°C, and hydrogen and oxygen were supplied

thereto at 90% or more relatilive humidity and 2 atmospheric

pressure. Under these conditions, the voltage between the

terminals was measured at a current density of 0.5 A/cm® and

1.0 A/cm?.

The voltages obtained 1n each case are shown in Table
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Mo
_—

Table 2

Al e Pt - Baa o aa saa
PP — e —

ﬁigﬁ;fémpefatdre
and high humidity
(80°C and 90% or more

Low temperature and
high humidity (50°C
and 90% or more RH)

Temperature and
humidity conditions

RH)
—Current demsity | . . T T T
. O 1.0 | 0.5 1.

_(a/em?) DR N B B

Ex. 1 0.70 0.50 0,75 v 0.65

Terminal Q§'-2—— -QLES — ~91£5:H #O‘ZO.L .9°§Og_
voltage ,Comp.EbL#;__ 0.41 - | 0.50 | -
(V) Comp. Ex. 2 0.3> | - 1 0.4 4 =
#ggmp.ggﬂJB - 0.38 | - 0.49 -

N Cgmﬁx'gxuﬁzlﬂp,é5_r | ﬁp.Zﬁ B 19,53 | 0.22_
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WHAT 1S CLAIMED I15:
1. A process of producing an electrode paste

comprising mixing and agitating carbon black supporting a

5 catalyst metal, a polymer electrolyte and an organlic solvent

thereby to finely disperse the carbon black to a predetermined

.

mean particle diameter of particles dispersed in the mixed

solution, and admixing a dispersant to the mixed solution and

agitating the resultant mixture to obtaln a paste in which

10 particles having a predetermined mean particle diameter are

uniformly dispersed.

p—

2. The process of producing an electrode paste

according to claim 1, the process comprilising mixing and

catalyst metal, a polymer

15 agitating carbon black supporting &

|

electrolyte and an organic solvent thereby to finely disperse

the carbon black to a predetermined mean particle diameter of

1.0 to 20 um of particles dispersed in the mixed solution, and

admixing a dispersant to the mixed solution and agitating the

20 mixture to obtain a paste in which particles having a mean

particle diameter of 0.2 to 5.0 um are uniformly dispersed.

3. The process of producling an electrode paste

according to ciaim 1 or 2, the process comprising mixing and



agitating the ingredis
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N
O

t)

nts and carbon fiber thereby to finely

—r

dlsperse the carbon black, and admixing a dispersant to the

mlixed solution.

O 4. - The proces

ﬁ

s 0of producing an electrode paste

according to any one of claims 1 to 3, the process comprising

mixing and agitating the ingredients and water thereby to

finely disperse the csa

to the mixed solution.

10

rbon black, and admixing a dispersant

5. An electrode paste composition comprising carbon

black supporting a catalyst metal, a polymer electrolyte, an

organic solvent and a dispersant, and containing particles 0.2

to 5.0 um inmean particle diameter that are uniformly dispersed

15 therein.

. I'he electrode paste composition according to claim

o, which further contains carbon fiber.

20 7. The electrode paste composition according to claim

2 Oor b, which further

contalins water.

wAIy

wrrart & Biggar
Ilitawa, Canada
atent Agents
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