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ABSTRACT

The present invention provides carbon fiber paper
consisting of an organic high-molecular compound as a binder
and carbon fibers, characterized in that the carbon fibers
contain thin fibers with an average diameter smaller than 5
Hm and an average fiber length of 3 to 10 mm; a porous carbon
electrode substrate for a fuel cell having a thickness of 0.05
to 0.5 mm and a bulk density of 0.3 to 0.8 g/cm®, also having
a bending strength of 10 MPa or higher and a deflectionof 1.5
mm or more at the time of bending, measured by a three-point
bending test in conditions of using a sample width of 1 cm,
a strain rate of 10 mm/min, and a distance between supporting
points of 2 cm; and a method of producing a porous carbon
electrode substrate for a fuel cell by impregnating the carbon
fiber paper with a thermosetting resin, curing the

thermosetting resin by heating and pressing treatment, and then

- carbonizing the paper.

The electrode substrate of the present invention 1is

~excellent in flexibility and bending strength and able to be

rolled on a roll and thus has high productivity, and the carbon
fiber paper of the present invention is suitable for producing

the electrode substrate.
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SPECIFICATION

POROUS CARBON ELECTRODE SUBSTRATE AND ITS PRODUCTION METHOD

AND CARBON FIBER PAPER

TECHNICAL FIELD

The present invention relates to carbon fiber paper and
an electrode substrate for a fuel cell using the paper and more

particularly an electrode substrate for a solid polymer

10 electrolyte fuel cell and 1ts productlon method.

BACKGROUND T

As compared with an electrode for a phosphoric acid fuel

cell, an electrode for a solid polymer electrolyte fuel cell
15 1s required to have gas diffusion-permeability, strength to
be durable to handling, flexibility, strength to stand the
compression at the time of electrode production and electrode
assembly, and the like. Further, since the solid polymer
electrolyte fuel cell 1s required to be small in size, as
20 compared with a phosphoric acid fuel cell, the electrode for
1t 1s also required to be thin. As the electrode for such a
solid polymer electrolyte fuel cell, mainly used are those
which are produced by forming paper from carbon short fibers,

lmpregnating the paper with a thermosetting resin, curing the

25 resin, and then carbonizing the resultant paper, and in order



CA 02347432 2001-04-09

Co 1mprove the productivity of a fuel cell, the electrode has

to be flexible enough to be rolled in a roll. However, many

electrodes ever made avallable are thick and mostly easily
broken when being bent. Further, since those conventional
> electrodes have a few contacting points of carbon fibers, they

have a problem that the conductivity becomes worse if the

porosity 1s 1ncreased.

A porous carbon electrode substrate provided with an
1mproved conductivity by mixing carbonaceous milled fibers is

10  described in Japanese Patent Laid-Open No. 142068/1995,

however the substrate 1s too thick in thickness and thus

ﬂ
—

insufficient in flexibility to be used for a solid polymer

electrolyte fuel cell.

Invention of a porous carbon plate and its production

1> method 1s described in Japanese Patent Laid-Open No.

157052/1997, the electrode of the invention has a low bulk

density and therefore it cannot be said that the conductivity

of the electrode 1s sufficient.

20 DISCLOSURE OF THE INVENTION

Objects of the present invention are to solve the above
described problems and provide an electrode substrate for a
fuel cell having high conductivity and flexibility, its
production method, and carbon fiber paper suitable for

25 producing the electrode substrate.
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The present invention provides carbon fiber paper
consisting of an organic high-molecular compound as a binder
and carbon fibers, the carbon fibers containing thin fibers
with an average diameter smaller than 5 um and an average fiber

5 length of 3 to 10 mm.

In the carbon fiber paper of the present invention, the
organic high-molecular compound is preferably polyvinyl
alcohol, and the organic high-molecular compound is preferably
pulp-like substances or short fibers of an acrylonitrile Cype

10 polymer. Further, the foregoing carbon fibers are preferably
only of polyacrylonitrile type carbon fibers. Furthermore,

the foregoing carbon fibers are preferably a mixture of thin

fibers with an average diameter larger than 3 um and smaller

Chan 5 um and an average fiber length of 3 to 10 mm and thick

15 fiberswith an average diameter not smaller than 5 umand smaller

than 9 um and an average fiber length of 3 to 10 mm. It is

also preferable for the foregoing carbon fibers to contain not
less than 40% by mass of the foregoing thin fibers.

The present invention also provides a porous carbon

20 electrode substrate for a fuel cell having a thickness of 0.05
to 0.5 mm and a bulk density of 0.3 to 0.8 g/cm’®, and also having
a bending strength of 10 MPa or higher and a deflection of 1.5

mm or more at the time of bending, measured by a three-point

bending test in conditions of using a sample of 1 cm width,
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a strain rate of 10 mm/min and a distance between supporting

polnts of 2 cmn.

The electrode substrate of the present invention
preferably has a length of 1 mor larger and can be rolled around
a roll with an outer diameter of 50 cm or smaller. Further,

1t 1s preferred that the electrode substrate contains carbon

fibers, and the foregoing carbon fibers are only of

polyacrylonitrile type carbon fibers. Furthermore, it is

preferred that the electrode substrate contains carbon fibers,

and the carbon fibers are a mixture of thin fibers with an

average diameter larger than 3 pum and smaller than 5 um and

an average fiber length of 3 to 10 mm and thick fibers with

an average diameter not smaller than 5 um and smaller than 9

um and an average fiber length of 3 to 10 mm. It is also

preferable for the electrode substrate to contain carbon fibers

which contain not less than 40% by mass of the foregolng thin

fibers 1in the total carbon fibers.

The present invention also provides a method of producing

a porous carbon electrode substrate for a fuel cell by

lmpregnating carbon fiber paper consisting of an organic
high-molecular compound as a binder and carbon fibers with an

average diameter smaller than 5 pum and an average fiber length

of 3 to 10 mm with a thermosetting resin, curing the

Chermosetting resin by heating and pressing treatment, and then

carbonizing the resultant paper.
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In the production method of the present invention, it is
preferable to use carbon fiber paper, among the above described
carbon fiber paper, wherein the carbon fibers are made of a
mixture of thin fibers with an average diameter larger than

3 pm and smaller than 5 um and an average fiber length of 3

o 10 mm and thick fibers with an average diameter not smaller

than 5 um and smaller than 9 um and an average fiber length

©of 3 to 10 mm. Further, the foregoing heating and pressing

treatment 1is preferably carried out continuously in the whole
length of the carbon fiber paper. Further, prior to the heating
and pressing treatment, the carbon fiber paper impregnated with
the thermosetting resin is preferably pre-heated.

Furthermore, the heating and pressing treatment is preferably

carried out using a continuous type hot press machine equlpped

with a pair of endless belts, or the heating and pressing
treatment 1s preferably carried out using a continuous type
hot rollpressmachine. 1Intheheatingand pressing treatment,

the pressure application is preferable to be carried out at

a line pressure of 1.5 x 10* to 1 x 10° N/m.
In the production method of the present invention, the

foregoing carbonization is preferably carried out

continuously in the whole length of the carbon fiber paper.

Further, the electrode substrate obtained by the foregoing

carbonization is preferable to be rolled around a roll with

the outer diameter of 50 cm or smaller. Furthermore, a
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conductive substance is preferably added to the foregoing

th

e

ermosetting resin.

BRIEF DESCRIPTION OF THE DRAWINGS

0 FIG. 1 shows an example of a continuous type hot roll press
machine suitable to be used for the production method of the

present 1nvention; and

FIG. 2 shows an example of a continuous type hot press

machine equipped with a pair of endless belts and suitable to

10 Dbe used for the production method of the present invention.

1 ... resin-impregnated carbon fiber paper, 2 ... mold release
agent-coated substrate, 3a, 3b ... endless belts, 4
preheating zone, 5 ... heating and pressing zone

15 BEST MODE FOR CARRYING OUT THE INVENTION

Herelnafter, the present inventionwill more particularly

be described.

The carbon fiber paper of the present invention consists

of carbon fibers containing thin carbon fibers with an average

20 dilameter smaller than 5 um and an average fiber length of 3
o 10 mm and an organic high-molecular compound as a binder.

In the present invention, by using carbon short fibers

with an average diameter smaller than 5 um, preferably larger

than 3 pm and not larger than 4.5 um, the bending strength and

25 the flexibility of the porous electrode substrate can be
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improved. In the case of using only thick carbon fibers with

an average diameter larger than 5 um, the flexibility becomes

insufficient and the contacting points among fibers are too

small 1n number, and the resistance of an electrode produced

from such carbon fiber paper becomes too high. Further, by

makling an average diameter larger than 3 um, the carbon fiber

paper 1s made dense and 1s capable of preventing the decrease

of gas permeability and therefore 1t is preferable.

Further, an average fiber length of the carbon fibers 1is

preferable to be 3 to 10 mm and further preferable to be 3 to
9mm 1n terms of the strength and the smoothness of a substrate.
In the case where an average fiber length is smaller than 3
mm, the fibers are less entangled to result in decrease of the

A

strength of the substrate. On the other hand, in the case of

exceeding 10 mm, the dispersibility of fibers in a dispersant

.

18 decreased to result in formation of uneven carbon fiber

paper.
The foregolng thin fibers with an average diameter smaller

than 5 um and an average fiber length of 3 to 10 mm are preferable

to be not less than 40% by mass in the total carbon fibers.

That 1s, mixed carbon fibers can be used as the carbon fibers
of the present invention, the mixed carbon fibers being a

mixture of 40% by mass or more of thin fibers with an average

diameter smaller than 5 um and an average fiber length of 3

to 10 mm and 60% by mass or less of carbon fibers with an average
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dlameter not smaller than 5 um in the total carbon fibers. In

order to malntain flexibility and high conductivity of an
electrode substrate, it is preferable to contain not less than

40% by mass of the foregoing thin fibers with an average

diameter smaller than 5 um in the mixed carbon fibers.

Other than the carbon fibers with an average fiber diameter

smaller than 5 um and an average fiber length of 3 to 10 mm,

carbon fibers with an average fiber diameter not smaller than

o um are preferable to be used and carbon fibers with an average

fiber diameter not smaller than 7 um are further preferable

to be used.

m

[he carbon fibers contained in the carbon fiber paper are

H

also preferably a mixture of thin fibers with an average

diameter larger than 3 um and smaller than 5 pum and an average

fiber length of 3 to 10 mm and thick fibers with an average

diameter not smaller than 5 um and smaller than 9 Hm and an

average fiber length of 3 to 10 mm. The carbon fibers with

thetjUJldiametercxnnuﬁinnxatotjmaimprovementcxfflexibility
and conductivity of an electrode, whereas the carbon fibers

wlith the thick diameter contribute to the 1mprovement of

dispersibility of the fiber substrate and gas permeability.

Consequently, carbon fiber paper produced by properly mixing

these fibers 1is provided with all of the above described

advantages and that is preferable.
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The carbon fibers to be used in the present invention may
pe any of polyacrylonitrile type carbon fibers, pitch type
carbon fibers, rayon type carbon fibers, and the like. However,
polyacrylonitrile type carbon fibers, which have a relatively
high mechanical strength are preferable and particularly, it

1s preferable that carbon fibers to be used are solely

polyacrylonitrile type carbon fibers.

The polyacrylonitrile type carbon fibers are produced
using, as a raw material, polymers mainly contalning
acrylonitrile. Practically, they are carbon fibers obtained

through a spinning process for spinning acrylonitrile type

fibers, oxidizing process for converting the fibers into

oxldized fibers by heating themat 200 to 400°C in air atmosphere,

and carbonizing process for heating and carbonizing the

resultant fibers at 300 to 2500°C in an inert gas such as

nitrogen, argon, helium, and the like, and preferably used as

compositematerial-reinforcing fibers. Therefore, the fibers

have high strength as compared with other type carbon fibers

and can be formed into carbon fiber paper with high mechanical
strength.

The methods applicable for the paper-manufacturing method
for producing the carbon fiber paper include a wet method for
produclng paper by dispersing carbon short fibers in a ligquid
medium and a dry method comprising steps of dispersing carbon

short fibers in air and depositing the fibers. A proper amount
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0L an organic high-molecular substance i1s preferable to be
added as a binder for binding the carbon fibers one another.
In that way, the strength of carbon fiber paper is maintained
and separation of the carbon fibers from carbon fiber paper
during the production process can be prevented and the
orientation of the carbon fibers can be prevented from
changing.

As the organic high-molecular compound, polyvinyl alcohol
Or acrylonlitrile type polymers in pulp-like state or their
short fibers are preferable. The pulp-like materials or short

gy,

fibers of the acrylonitrile type polymers are especially

preferable since their carbonized materials can function as

conductors. Further, since the polyvinyl alcohol is excellent

1n the contacting in the paper-manufacturing process, it is

preferable as a binder to suppress the separation of the carbon

short fibers. Further, the polyvinyl alcohol is almost all
decomposed and volatilized in the carbonization process 1n the

final stage of producing the electrode substrate and forms

volds. Owing to the existence of the voids, the water and gas
permeability is improved and therefore, the polyvinyl alcohol
1s preferable.

The pulp-like materials have a structure in which a large

number of fibrils with several um or thinner diameter are

branched from fibrous trunks, and in a sheet-like material

produced from the pulp-like materials, the fibers are

_lO_
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efficiently entangled with one another and even if a thin
sheet-like material, the material has an advantage that it is
excellent 1n the handling property. The short fibers of

acrylonitrile type polymers can be obtained by cutting fiber

threads made of acrylonitrile type polymers or tows of the

fibers 1n a prescribed length.
The content of the organic high-molecular compound in the

carbon fiber paper is preferably within a range from 5 to 40%

by mass and more preferably within a range from 15 to 30% by
mass. In order to lower the electric resistivity of the
electrode substrate obtained by impregnating the carbon fiber

paper wilith a resin and carbonizing the paper, it is better as

the content is less, and the content is preferably not higher
Chan 40% by mass. From the viewpoint of keeping the strength

and the shape of the carbon fiber paper, the content 1is

preferably 5% by mass or higher.

As a method for mixing the pulp-like materials or short

fibers of the organic high-molecular compound with carbon
fibers, the following methods are preferable: a method for
stirring and dispersing them together with carbon fibers in
water and a method for directlymixing them. Inorder to evenly
disperse them, the method for dispersing and diffusing in water
1s preferable.

After the carbon fiber paper is produced, the paper is

hot-pressed by hot-press rolls to make the orientation and the
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thickness of the carbon fibers even and the fuzz which 1is

characteristic of the carbon fibers can be suppressed to a

minimum. The heating temperature of the hot-press rolls is

preferably 100 to 150°C and the pressure is preferably 0.5 to

5 20 MPa.

The porous carbon electrode substrate for a fuel cell of
the present invention 1s a porous carbon electrode substrate

for a fuel cell having the thickness of 0.05 to 0.5 mm, the

bulk density of 0.3 to 0.8 g/cm’, and the bending strength of
10 10 MPa or higher measured by a three-point bending test in

conditions of using a sample width of 1 cm, a strain rate of

10 mm/min, and a distance between supporting points of 2 cm,

and a deflection of 1.5 mm or more at the time of bending.

The porous carbon electrode substrate for a fuel cell

15 comprilses carbonaceous materials such as carbon fibers as main

constituent elements and is a substrate having water or gas

permeabllity and conductivity sufficient to function as an

electrode of a fuel cell. As the gas permeability of the porous
electrode substrate, it is preferable to be 200 ml-mm/hr-

20 cm-mmAg or higher. As the conductivity, the through-plane

resistivity is preferably 10 mQQ-cm™ or lower in the case where

Che resistivity value 1is measured by applying electric current
with current density of 10 mA/cm” while the electrode substrate
being sandwiched between copper plates and pressurized at 1

2> MPa from the upper and the lower sides of the copper plates.

- 12 =
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The thickness of the porous carbon electrode substrate

1s needed to be 0.05 to 0.5 mm from the viewpoint of the
resistivity and preferable to be 0.1 to 0.3 mm. If the
Chickness is thinner than 0.05mm, the strength in the thickness
direction becomes low and it is insufficient to stand handling
al The time of assembling a cell stack. On the other hand,

* -

1T exceeding 0.5 mm, the electric resistivity becomes high and

Che total thickness becomes thick whenacell stack is assembled.
The bulk density is reqguired to be 0.3 to 0.8 g/cm’ and
preferable to be 0.4 to 0.7 g/cm’. In the case where the bulk
density is lower than 0.3 g/cm’, not only the electric
resistivity is increased but also satisfactory flexibility
cannot be obtained. On the other hand, in the case where the

bulk density exceeds 0.8 g/cm’, the gas permeability is low

and the performance of a fuel cell is decreased.

The bending strength of the porous carbon electrode
substrate of the present invention is required to be 10 MPa

Oor higher, preferably 40 MPa or higher, in the case where it

1s measured in conditions of using a sample width of 1 cm, a

e

strain rate of 10 mm/min, and a distance between supporting

points of 2 cm. TIf less than 10 MPa, the handling becomes

difficult and, for example, the substrate easlly cracks at the
Cime of being rolled around a roll. By controlling the bending

strength to be 10 MPa or higher, cracking can be prevented at

Che time of bending the electrode substrate. Moreover, the
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deflection at the time of bending 1s 1.5 mm or more, preferably
2.0 mm or more. In the case where the bending deflection is
less than 1.5 mm, the electrode substrate 1s easy to be broken
at the time of beilng continuously rolled around a roll and it
pbecomes difficult to produce and handle a long electrode
substrate.

It 1spreferable for the porous carbon electrode substrate
for fuel cells of the present invention to have length of 1

m or longer and be able to be rolled around a roll with the

outer diameter of 50 cmor smaller. If the electrode substrate
is long and able to be rolled around a roll, not only the

proaductivity of the electrode substrate is increased but also

production of MEA (membrane/electrode assembly) in a
successlive process can continuously be carried out to

contribute to the considerable cost down of a fuel cell. For

that, the electrode substrate is preferable to be flexible

enough to be rolled around a roll with the outer diameter at
longest 50 cm, desirably 40 cmor smaller. The carbonelectrode
substrate which 1s able to be rolled around a roll with the
outer diameter of 50 cm or smaller is excellent in flexibility
and 1n through-passing property in the MEA production process,
which 1is a successive process of the rolling, and therefore,
1t 1s preferable. Further, if the electrode substrate can be
rolled around a roll with the outer diameter of 50 cmor smaller,

the carbon electrode substrate in the form of a product can

_14_
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Pe compact and is advantageous in the packing and
Cransportation cost. Also, in terms of prevention of breaking
the electrode substrate, the roll radius R (cm) is preferable

to satisfy the following inequality.

-+ 0.
5 R>X 064...(1)

0. 8x

wherelin x denotes the deflection quantity (cm) at the moment
Of occurrence of rupture in bending in a three-point bending

test.

In the present invention, carbon fiber paper containing

10 thin carbon fibers with an average diameter smaller than 5 (im

and an average fiber length of 3 to 10 mm is impregnated with
a thermosetting resin, the thermosetting resin is cured by
heatling and pressing, and then the resultant carbon fiber paper

1s carbonized to give the porous carbon electrode substrate

15 for a fuel cell.

The thermosetting resin to be employed for the present

invention is preferable a substance having adhesiveness
or fluidity at room temperature and also able to remain as a
conductlve substance even after carbonization, and a phenol
20 resin, a furan resin and the like are applicable. A resol type
phenol resin obtained by a reaction of phenols and aldehydes

in the presence of an alkaline catalyst can be used as the

foregoing phenol resin. Further, a solid and Chermally

fusible novolak type phenol resin produced by a reaction of

...15__
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phenols and aldehydes in the presence of an acidic catalyst

by a publicly known method may be dissolved and mixed 1n a resol

type fluid phenol resin, and in this case a preferable one is

a self-cross—-linking type one contailning a curing agent, for

example, hexamethylenediamine.
As the phenols, usable ones are, for example, phenol,
resorcin, cresol, xylol, and the like. As the aldehydes,

usable ones are, for example, formalin, paraformaldehyde,

furfural, and the li1ke. Further, theymay be used as mixtures.
Commercially available products as phenol resins may be used

for them.

The preferable ratioof the resin in the resin-impregnated
carbon filber paper of the present invention 1s 30 to 70% by
mass. From the viewpoint that the structure of the porous

carbon electrode substrate becomes dense and that the strength

of the electrode substrate to be obtained is high, 30% by mass

or higher 1s preferable. On the other hand, from the viewpoint

that the porosity and gas permeability of the electrode
substrate to be obtalined can be kept excellent, 70% by mass

or lower 1s preferable. The term, resin-impregnated carbon

fiber paper, means carbon fiber paper impregnated with a resin
and not treated with heating and pressing yet, and in the case
where a solvent i1s used for 1mpregnation with a resin, the term

means the one from which the solvent 18 removed.
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In the impregnation process of a Chermosetting resin, a
conductive substance may be mixed with the Chermosetting resin.

As the conductive substance, examples are carbonaceous milled

fibers, carbon black, acetylene black, isotropic graphite
> powder, and the like. The mixing ratio of the conductive

substance to be added in the resin is preferably 1 to 10% by

mass based on the resin. If the mixing ratio is less than 1%

by mass, 1t is disadvantageous in that the effect on the

conductivity improvement is slight, and if the mlxing ratio

10 exXceeds 10% by mass, it is disadvantageous in that the effect

on the conductivity improvement tends to be saturated and that
cost 1s 1ncreased.

Preferable methods for lmpregnating carbon fiber paper

with a resin or amixture of a resin and a conductor are a method

15 employing a squeezing apparatus and a method for overlaying

a thermosetting resin film on carbon fiber paper. The method

employing a squeezing apparatus is a method involving steps

£

of Immersing carbon fiber paper 1n a resin solution or a resin

mixed solution, applying the solution to Che whole body of the

<0 carbon fiber paper evenly by the squeezing apparatus, and

adjusting the quantity of the solution by changing the distance
b

etween rolls of the squeezling apparatus. In the case of a

relatively low viscosity, a spraying method or the like is also

applicable.



10

15

20

29

CA 02347432 2001-04-09

The method of using a thermosetting resin film is a method
involving steps of once applying a thermosetting resin to mold
release paper to obtain a Chermosetting resin film and then
laminating the film to carbon fiber paper and carrying out
heating and pressing treatment to transfer the thermosetting
resin.,

The heating and pressing process in the present invention
1s preferable tobe carried out continuously in the whole length
of the carbon fiber paper from the viewpolnt of productivity.
Further, prior to the heating and pressing process, preheating
1s preferably carried out. 1In the preheating process, the
thermosetting resin is softened and in the succeedling heating
ewmipressingjprocess,tjmathickne58¢ofanlelectrode substrate

can be well controlled by pressing. An electrode substrate

deslired thickness and density, a plurality of resin-

impregnated carbon fiber paper sheets may be piled and then

subjected to the heating and pressing treatment.

The foregoing heating and pressing treatment is

a palr of endless belts. The latter continuous Cype hot press

_18...



10

15

20

29

CA 02347432 2001-04-09

machlne conveys a substrate by belts, and tensile force is
scarcely applied to the substrate. Consequently, the

substrate is hardly broken during the production and the

machine is excellent in terms of through-passing property. On

the other hand, the former continuous Cype hot roll press

machine is simple in the structure and its running cost is low.
The above described two heating and pressing manners are

sultable methods for continuously curing the resin and

prerferable to be emploved for production of the electrode

substrate of the present invention.

The pressing pressure at the time of employing the

ftoregoing continuous type press machine is preferably 1.5 x

10" to 1 x 10° N/m. The heating and pressing treatment is a

process necessary to sufficiently penetrate fibers with the

resin and to increase the bending strength. By pressing at

H

the pressure of 1.5 x 10° N/m or higher when thermally curing

the resin, sufficient conductivity and flexibility can be

achieved. On the other hand, Dy pressing at the pressure of

1 x 10" N/m or lower, the vapor generated from the resin at
Che time of curing the resin can sufficiently be released to
the outside and consequently occurrence of cracking can be

suppressed.

The heating temperature of the heating and pressing

Creatment is preferably 140°C or higher from the viewpoint of

the hardening treatment duration and of the productivity and

.._19....
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preferably 320°C or lower from the viewpoint of the cost for

the equilipment such as heating and pressing apparatus.

Further preferably, the temperature is within a range of 160

to 300°C. The temperature of the foregoing preheating is

o preferably within a range from 100 to 180°C.

In the present invention, it is preferable to continuously

carry out carbonization, which succeeds the resin curing, in

the whole length of the carbon fiber paper. If the electrode

substrate 1s long, not only the productivity of the electrode
10 substrate 1s increased, but also the succeeding process of MEA
production can continuously be carried out to contribute to

considerable cost down of a fuel cell. Practically, it is

preferable to carry out the carbonization by continuously

firing the whole length of the carbon fiber paper in a

1> temperature range of 1,000 to 3,000°C in an inert atmosphere.

“

In the carbonization of the present invention, pretreatment

by pre-carbonizing in an inert atmosphere of about 300 to 800°C

range may be carried out before the carbonization treatment

py firing in a temperature range of 1,000 to 3,000°C in an inert

20 atmosphere.

The electrode substrate finally obtained by the above
described manner is preferable to be rolled around a roll with
the outer diameter of 50 cm or smaller and more preferable to

be rolled around a roll with the outer diameter of 40 cm or

25 smaller. If the electrode substrate can be rolled around a

......20...
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roll with the outer diameter of 50 cm or smaller, the electrode
substrate in the form of a product can be compact and is
advantageous in the packing and transportation cost.

Hereinafter, the present inventionwill more particularly

S Dbe described according to examples.

The physical values and the like in the examples were
measured by the following methods.

1) Carbon fiber diameter

The diameter of carbon fibers was measured by helium-

10 neon laser (SLB DIA MEASURING SYSTEM produced by Anritsu Co.)
as described in JIS R-7601. The measurement was carried out
for 100 carbon fibers and an average value was employed as an
average diameter of the carbon fibers.

2) Thickness

15 The thickness was measured by employing a thickness
measurement apparatﬁs, Dial Thickness Gauge 7321™ (produced by
Mitsutoyo Co., Ltd.). The size of the measuring gauge was 10
mm in diameter and the measurement pressure was constantly 1.5
kPa.

20 3) Bending strength of electrode Substrate

The measurement was carried out by employing a bending
strength testing apparatus. The distance between the

supporting points was set to be 2 cm, load was applied at strain
rate of 10 mm/min, and the rupture load of the pressing wedge

25 was measured from the starting the application of the load to
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the moment when samples were ruptured and the bending strength

was calculated according to the following equation.

3PL
2Wh*

Bending strength (MPa) = (2)

wherein P: rupture load (N); L: distance between
supporting points (mm); W: width of a sample (mm); h: height
of a sample (mm).

Incidentally, the value in the longitudinal direction was
measured for continuous samples.

4) Deflection of electrode substrate

Measurement was carried out by employing a bending

strength testing apparatus. The distance between the

' supporting points was set to be 2 cm, load was applied at strain

rate of 30 mm/min and the moving distance of the pressing wedge
was measured from the starting the application of the load to
the moment when samples were ruptured, to measure the
deflection.

5) Gas permeabillity coefficient

According to JIS-P8117 and using a Gurley densometer, the
time taken for a gas in 200 mm® volume to pass through was
measured to calculate the gas permeability coefficient.

6} Measurement of through-plane resistivity

The resistivity value was measured by applying electric
current with current density of 10 mA/cm” while a sample being

sandwiched between copper plates and pressurized at 1 MPa from

- 27 -
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the upper and the lower sides of the copper plates and the

piercing resistivity was calculated based on the following

equation.
Trough-plane resistivity (Q-cm°) = measured resistivity
5 wvalue () x sample surface area (cm) ... (3)
Example 1

Fiber bundles of polyacrylonitrile (PAN) type carbon

fibers with an average fiber diameter of 4 um were cut to obtain

10 short fibers with an average fiber length of 3 mm.

Next, the short fiber bundles were spread 1in water and
sufficiently dispersed, then short fibers of polyvinyl alcohol
(PVA) (VBP 105-1™ in cut length 3 mm; produced by Kuraray Co.,
Ltd.) as a binder was evenly dispersed in 15% by mass in the.

15 total amount of the carbon fibers and PVA, paper manufacturing
was manually carried out according to JIS P-8209 method using
a standard square sheet machine (No. 2555 Standard square sheet
machine; produced by' Kumagal Rikil Industry Co., Ltd.), and the
obtalned paper was dried to obtain carbon fiber paper. PVA

20 fibers were in half-dissolved state and contacted the carbon
fibefs with one another. The areal weight of the obtained
carbon fiber paper was 60 g/cm®.

The carbon fiber paper was immersed in an ethanol solution
containing 15% by mass of a phenol resin (Resitop PL-2211"",

25 produced by Gun-ei Chemical Industry Co., Ltd.) and pulled out

.....23_
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Lo 1mpregnate 100 parts by mass of the carbon fibers with 100

parts by mass of the phenol resin and then dried with a hot

alr, and then the resultant carbon fiber paper was sandwiched
petween fluorinated iron plates and kept in conditions of 170°C
and 15 MPa for 15 minutes by a batch press apparatus to cure
the phenol resin.

Successively, the obtained intermediate substrate was
heated at 2,000°C in a nitrogen gas atmosphere in a batch
carbonization furnace for one hour to carbonize the substrate
and obtain a porous carbon electrode substrate. Both of the
pending strength and the deflection were consequently
excellent.

The production conditions of carbon fiber paper sheets
Oof the examples and comparative examples are shown in Table
1: the production conditions of electrode substrates in Table

Z2: and the evaluation results of the electrode substrates 1n

Table 3.

Example 2

An electrode substrate was obtained in the same manner

as the example 1 except that the paper manufacturing was

continuously carried out in the following manner.

Fiber bundles of short carbon fibers were spread in water

in a slurry tank and sufficiently dispersed, and then short

fibers of polyvinyl alcohol (PVA) as a binder (the same one

......24...
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used 1in .the example 1) was evenly dispersed and web was sent
out. The sent out web was passed ‘through short net plate and
dried by a drier to obtain carbon fiber paper with the length
of 20 m. The obtained carbon fiber paper had the areal weight
5 " of 60 g/cm’. Further the long carbon fiber paper was cut into
25 cm length for the successive processes.
The eiectrode substrate of the present invention was
provided with remarkably improved strength owing to the
continuous paper-manufacturing and was also excellent in the

10 deflection.

Example 3
A lé'ng carbon fiber paper sheet was produced in the same
manner as the example 2, and the carbon fiber paper was
15 1impregnated with a thermosetting resin by a dip-nip method.
That 1s, the carbon fiber paper was continuously sent to a tray
containing a methanol solution containing of 20% by weight of
a phenol resin (Phenolite J-325%, produced by.Dainippon Ink and
Chemicals, Inc.)) Che resin was squeezed by a squeezing
20 apparatus, and then a hot air was continuously blown to dry
and obtain resin-impregnated carbon fiber paper. In this case
100 parts by mass of carbon fibers were impregnated with 100
parts by mass of the phenol resin.
Next, the resin-impregnated carbon fiber paper was

25 continuously heated and pressed by a continuous type hot roll
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press machine 1llustrated in FIG. 1 to obtain resin-cured

carbon fiber paper. That is, the above described resin-

lmpregnated carbon fiber paper 1 was sent out the rolls and

while being sandwiched between mold release agent-coated

substrates 2, the carbon fiber paper was sent to a preheating
zone 4, successively to a heating and pressing zone 5, and then
the mold release agent-coated substrates 2 were removed and

the obtained resin-cured carbon fiber paper was rolled around

a roll. In this case, the preheating temperature in the

preheating zone was 150°C and the preheating duration was 5

minutes and the temperature of the heating and pressing zone

was 250°C and the press pressure was 1.5 x 10 N/m line pressure.

After that, the obtained resin-cured carbon fiber paper

with the width of 30 cm and the length of 20 m was cut at every

2> cm and fired in the same manner as the examples 1 and 2 to

obtain an electrode substrate. Both of the bending strength

and the deflection were excellent.

Example 4
An electrode substrate was obtained in the same manner

as the example 3 except that the press pressure of the roll

press machine was heightened to 7.5 x 10° N/m of line pressure.
Owing to the high press pressure, the substrate was made thin

and the bending strength was high and the deflection value was

also high.

- 26 -
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Example 5
A resin-cured carbon fiber paper obtained by paper-
manufacturing, impregnating with a resin, and subjecting to
> roll press in the same manner as the eXample 4 was heated for
10 minutes in a continuous firing furnace at 2,000°C in a
nitrogen gas atmosphere, without being cut into pleces, to
carbonize the carbon fiber paper and to continuously obtain
a carbon electrode substrate with the length of 20 m, and the
10 substrate was rolled around a cylindrical paper tube with the
outer diameter of 30 cm. The thickness was thin, the bending

strength was high and the deflection value was also high.

Example 6

15 After*being'subjected'mocxnﬂjjnmnmspaper—manufacturing
and lmpregnating with a resin process in the same manner as
Che example 3 except that the areal weight was controlled to

be 100 g/m~, the obtained resin-impregnated carbon fiber paper

was continuously subjected to hot press by a continuous type

20 hot press machine (a double belt press machine: DBP) equipped

wWwith a pair of endless belts as illustrated in FIG. 2 to obtailn

resin-cured carbon fiber paper. That is, the above described
resin-impregnated carbon fiber paper 1 was placed between the
mold release agent-coated substrates 2 and were sent between

25 continuos belt apparatuses 3a, 3b, to a preheating zone 4, and
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successively to a heating and pressing zone 5. After that,
as same 1n the case of the roll press machine of FIG. 1, the

mold release agent-coated substrates 2 were removed and the

obtained resin-cured carbon fiber paper was rolled around a
roll. The continuous belt apparatuses 3a, 3b conveyed
resin-impregnated carbon fiber paper 1 and the like by

respectively being rotated. In this case, the preheating

temperature in the preheating zone was 160°C and the preheating

duration was 5 minutes and the temperature of the heating and

pressing zone was 280°C and the press pressure was 1.5 x 104

ﬁ

N/m of line pressure. After that, the obtained resin-cured

carbon fiber paper with the width of 30 cm and the length of

20 m was cut at every 25 cm and fired in the same manner as

the examples 1 and 2 to obtain an electrode substrate. The

substrate was smooth, and both of the bending strength and the

deflection were excellent.

Example 7
An electrode substrate was obtained in the same manner

as the example 6 except that the press pressure of the double

pelt press (DBP) machine was increased to 7.5 x 10° N/m of line

pressure. Owlng to the high press pressure, the substrate was
made thin and the bending strength was high and the deflection

value was also high.

_28_..
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Example 8
Continuous paper-manufacturing and impregnation with a

resin were carriedout in the same manner as the example 7 except

that carbon fiber paper was continuously obtained while the
5 areal weight being adjusted to be 30 g/m°. The heating and

pressing process was carried out in the same manner as the

example 7 except two sheets of the obtained resin-impregnated

carbon fiber paper were piled in the manner that the same

paper-manufactured faces were set face to face in the inside

10 at the time of double belt press. The obtained substrate,

wlthout being cut, was subjected to precarbonization treatment

py heating at 300 to 600°C for 5 minutes in a nitrogen gas

atmosphere 1n a furnace and then carbonized by heating at 1, 600

to 2,000°C for 10 minutes in a continuous carbonizing furnace

15> to continuously obtain a carbon electrode substrate with the
length of 20 m, and the substrate was rolled around a paper
Cube with the outer diameter of 30 cm. The obtained substrate
was not at all warped and thin and provided with high bending

strength and a high deflection value as well.

20

Example 9
A carbon electrode substrate was obtained in the same

manner as the example 8 except that short fibers with an average

fiber diameter of 4 um and an average fiber length of 6 mm were

25 used instead of the short fibers with an average fiber diameter
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of 4 um and an average fiber length of 3 mm. Although the

dispersibility was relatively decreased, the strength, the
deflection and the gas permeability were all together

excellent.

Example 10
Fiber bundles of polyacrylonitrile (PAN) type carbon

fibers with an average fiber diameter of 4 um were cut to obtain

short fibers with an average fiber length of 3mm. On the other

10 hand, fiber bundles of PAN type carbon fibers with an average

fiber diameter of 7 um were cut to obtain short fibers with

an average fiber length ¢f 6 mm. Next, the short fiber bundles

somixed in the ratio of the short fiberswith the fiber diameter

Oor 4 pm and with the fiber diameter of 7 um as 4 pm/7 um = 8/11

1> were spread inwater and sufficiently dispersed, and then short
fibers of polyvinyl alcohol (PVA) (the same one used in the
example 1) as a binder was evenly dispersed in 5% by mass based

on the total amount of the carbon fibers and PVA, and paper

manufacturing was carried out according to JIS P-8209 method
20 using a standard square sheet machine (the same one used in
Che example 1). Except that described above, the obtained
paper was subjected to resin impregnation, batch press, and
patch carbonization to obtain an electrode substrate. Both

of the bending strength and the deflection were consequently

25 excellent.
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Example 11

Paper manufacturing was carried out by using a wet type
continuous paper-manufacturing apparatus, and lmpregnation

5 wlth a resin, batch press and batch carbonization were carried
out 1n the same manner as the example 2 except that the short
carbon fibers and PVA were mixed in the same ratio as that of
Che example 10 to obtain an electrode substrate. As compared
with the results of the example 10, the bending strength was

10 remarkably i1ncreased and the deflection was also excellent.

Example 12

Paper manufacturing was carried out by using a wet type

continuous paper-manufacturing apparatus, and continuous
15 resin impregnation and resin drying, and then roll press and

patch carbonization were carried out in the same manner as the

example 3 except that the short carbon fibers and PVA were mixed

in the same ratio as that of the example 10 to obtain an electrode

substrate. Both of the bending strength and the deflection

20 were excellent.

Example 13

Paper manufacturing was carried out by using a wet type

contlnuous paper-manufacturing apparatus, and continuous

25 resin impregnation and resin drying, and then roll press and
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patch carbonization were carried out in the same manner as the
example 4 except that the short carbon fibers and PVA were mixed
1n the same ratio as that of the example 10 to obtain an electrode
substrate. Since pressingwas carriedout at a higher pressuré
than that in the example 12, the electrode substrate was thinner
than the electrode substrate of the example 12, and bending
strength and the deflection were higher than those of the

substrate of the example 12.

Example 14

Paper manufacturing was carried out by using a wet type

continuous paper-manufacturing apparatus, and continuous

resin lmpregnation and resin drying, and then roll press and

continuous carbonizing were carried out in the same manner as
Che example 5 except that the short carbon fibers and PVA were

mixed 1in the same ratio as that of the example 10 to obtain

an electrode substrate with the width of 30 cm and the length
of 20 m which was rolled on a cylindrical paper Tube with the

outer diameter of 30 cm. The electrode substrate was thin and

the bending strength and the deflection of the substrate were

high.

Example 15

Paper manufacturing was carried out by using a wet type

continuous paper-manufacturing apparatus, and continuous
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resin impregnation and resin drying, and then double belt press

(DBP) and batch carbonization were carried out in the same
manner as the example 6 except that the short carbon fibers
and PVA were mixed in the same ratio as that of the example
10 to obtain an electrode substrate. Both of the bending

strength and the deflection of the substrate were consequently

excellent.

Example 16
Paper manufacturling was carried out by using a wet type
continuous paper-manufacturing apparatus, and continuous

resin lmpregnation and resin drying, and double belt press

(DBP) and batch carbonization were carried out in the same
manner as the example 7 except that the short carbon fibers
and PVA were mixed in the same ratio as that of the example
10 to obtain an electrode substrate. Since pressing was
carried out at a higher pressure than that in the example 15,
Lhe electrode substrate was thinner than the electrode
supstrate of the example 15 and bending strength and the
deflection were higher than those of the substrate of the

example 15,

Example 17

Paper manufacturing was carried out by using a wet type

continuous paper-manufacturing apparatus, and continuous
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resin lmpregnation and resin drying, and double belt press

(DBP) and continuous carbonizing were carried out in the same

manner as the example 8 except that the short carbon fibers

and PVA were mixed in the same ratio as that of the example

10 to obtain an electrode substrate with the width of 30 cm

and the length of 20 m which was rolled on a cylindrical paper
tube with the outer diameter of 30 cm. The obtained electrode
substrate was completely free of warp and thin and provided

with a high bending strength and a high deflection value.

p—|

Example 18

A carbon electrode substrate was obtained in the same

manner as the example 17 except that short fibers with an

average fiber diameter of 4 um and an average fiber length of

o mm were used instead of the short fibers with an averadge fiber

dlameter of 4 pm and an average fiber length of 3 mm. Although

the dispersibilitywas relatively decreased, the strength, the

deflection and the gas permeability were all together

excellent.

Examplie 19

A carpbon electrode substrate was obtained in the same
manner as the example 1 except that polyvacrylonitrile (PAN)
Cype pulp was used as a binder instead of PVA when paper

manutacturing. Although the bonding force of the short carbon
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fibers was lower than that in the case of using PVA, both of

the strength and the deflection were consequently excellent.

Example 20

A carbon electrode substrate was obtained in the same
manner as the example 1 except that carbon fiber paper was
impregnated with a phenol resin using a resin solution of the
phenol resin mixed with 1% by mass of carbon black MA 100™

(produced by Mitsubishi Chemical Industries Ltd.) versus the

‘resin, at the time of resin impregnation. The conductivity

was a high value.

Example 21

A carbon electrode substrate wae obtained in the same
manner as the example 8 exceptn that 35 parts by mass of carbon
fiber paper was impregnated with 65 parts by mass of the phenol
resin. Although the gas permeability was slightly decreased,

both of the bending strength and the deflection were excellent.

Example 22

After a long carbon fiber paper sheet was continuously

obtained in the same manner as the example 2, long phenol resin

films with areal weight of 30 g/m- were obtained by applying
a phenol resin (Phenolite 5900, produced by Dainippon Ink and

Chemicals, Inc.) from which a solvent was removed to mold

- 35 -



CA 02347432 2001-04-09

release paper sheets by a coater. The carbon fiber paper sheet
was sandwlched between the phenol resin films from the upper
and the lower sides to transfer the phenol resin to the carbon
fiber paper sheet, and then the carbon fiber paper sheet was

5 subjected to degassing and rolled.
The obtained resin—impregnated carbon fiber paper was

subjected to press curing by a double belt machine and

continuously carbonized in the same manner as the example 8

eXcept that the obtained resin-impregnated carbon fiber paper
10 was not piled double, to obtain an electrode substrate with

Che width of 30 cm and the length of 20 m. The gas permeabllity

was excellent and both of the bending strength and the

deflection were excellent as well.

1o Comparative example 1

Carbon fiber paper of 60 g/m” was obtained by continuous

paper manufacturing process in the same manner as the example
2 while using only PAN type short carbon fibers with an average

fiber diameter of 7 um as carbon fibers (the same ones as used

20 in the example 10). Further, an electrode substrate was
produced from the carbon fibers by impregnation with resin in
the same manner as the example 3 and belt press and continuous

carbonlization in the same manner as the example 22. Although

the gas permeability coefficient was high, the deflection was
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low to cause cracking when the substrate was rolled around a

roll.

Comparative example 2

5 Carbon fiber paper of 30 g/m° was obtained by continuous

paper manufacturing process in the same manner as the example

8 while using only PAN type short carbon fibers with an average

fiber diameter of 7 um as carbon fibers as same in the

comparative example 1. Successively, the carbon fiber paper
10 was subjected to impregnation with resin in the same manner

as the example 3, but without carrying out press, Tthe resin

was continuously cured at 180°C and the carbon fiber paper was

continuously carbonized as it was. The obtained electrode
substrate was very brittle.
15
Comparative example 3
An electrode substrate was produced in the same manner
as the example 1 except that the pitch type carbon fibers with

an average fiber length of 11 mm were used instead of the PAN

20 type carbon fibers. The bending strength was inferior and the

electrode substrate was brittle.
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Methods for producing carbon fiber paper sheets

1n examples and comparative examples

m‘*?m

CFE:

carbon fibers

38

AL Fiber | PLEE N ey | Areal bt
di untl length of di H ntl length of Mixing | weight of P ‘
MCIE | cF ot g | @1ameler | ~pop7 C) ratio by carbon manutac-
i the | ] n the m Binder mass fiber I '
total CF | .. M total CF | .. M turing
diameter diameter A/B/C paper
GO0 mmy | Y] (g/m”) method
mass) mass)
Example ] 100 85/0/13 manual
Example 2 - 100 85/0/15 continuous |
Example 3 100 85/0/15
Example 4 100 3 - - PVA | 85/0/15 | 60
Example 5 100 3 - - PVA 85/0/15 60 continuous
- T T T ,
Example 6 100 3 - - PVA 85/0/15 100 continuous
— e s e —————— -t e er— e ————ttrermrrrerree—
Example 7 100 3 - j - PVA 85/0/15 100 continuous
Example 8 100 3 - - PVA 85/0/15 30%2 continuous
v TeeT— rw———— e f—rrr—r—— P ——— —
Example 9 100 6 - - PVA 85/0/15 30x2 continuous
Example 10 42 3 58 6 PVA 40/55/3 60 manual
! B G
Example 11 42 3 I 58 6 PVA 40/55/5 60 continuous
R ——— e ===, . e rTErEre—_ e e veverrerar—
Example 12 42 3 58 6 PVA 40/55/5 60 continuous
VL — S B ——— S e
Example 13 42 3 38 6 PVA 40/55/5 60 continuous
I l I I - A
Example 14 42 3 58 6 PVA 40/55/5 60 continuous
- rrr———ee e e -+ e—— ——————-— oo i H
E\ample 15 42 3 58 6 PVA 40/55/5 100 continuous
-+ ——— —vrreeed e re——— e frr—— T e e T —— e
Example 16 42 3 58 6 PVA 40/55/5 100 continuous
Example 17 42 3 58 6 PVA 40/55/5 conttnuous
e —m—m— S —
Example 18 42 6 58 6 PVA 40/55/5 continuous
IR s ey -——-]—-—--——_—____ 4
Example 19 100 3 - - E:II; 83/0/15 60 manual
B e - I A
Example 20 100 3 - - PVA 85/0/15 60 manual
| | S— L_.______r__
Example 21 100 3 - - PVA 85/0/15 30x2 continuous
B e e — —— - T—-—u Pr———————— " I— N————— E—
Example 22 100 3 - - PVA 85/0/15 60 continuous
—————— —_— — e  — — e —
Lomparative : l : 100 6 PVA | 0/85/15 60 continuous
example 1
| — ‘ "_——t-——-—l————o———- + rr—— —--—-—-—--—-———-—_I-—-—————-
Comparative i : 100 6 PVA | 0/85/15 30 continuous
example 2
B e E—
C(,)mp arative pitch 100 11 - - PVA 85/0/15 60 manual
example 3
| —
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CB:

carbon black

39

Table 2 Methods for producing electrode substrate
in examples and comparative examples
Resin/ . Batch Contmpous
Thermo- | Heating and . pressing . .
. CF ; pressing . Conductive [ Carbonization
, setting pressing line Rolled
l . mass pressure substance | method
resin ratio method (MPa) | pressure '
, (x10* N/m) |
NI E—
Example 1 PL2211 | 50/50 |  batch 15 L - - batch -
I A e U ———— — e {
Example 2 | PL2211 | 50/50 | batch 15 : - :
Example 3 PJ325 | 50/50 roll - 1.5 - batch -
e —— —
Example 4 PJ325 50/50 roll - 7.5 - batch -
Example 5 PI325 50/50 roll - 7.5 continuous
Example 6 PI325 50/50 DBP - 1.5 batch
_—
Example 7 PI325 50/50 DBP - 7.5 - batch -
— —_— e
Example 8 PI325 50/50 DBP - 7.5 - continuous 20 m
Mmmmmmm u’ r—s -—--—T—-——-m_
Example 9 PI325 50/50 DBP - 7.5 - continuous 20 m
Example 10 |} PL2211 | 50/50 batch 15 - - batch -
Example 11 | PL2211 | 50/50 batch 15 - - batch - ‘
Example 12 PI325 50/50 roll - 1.5 - batch -
R — — { —
Example 13 PI325 50/50 roll - 7.5 - batch -
- + PP st ey rrvaiia, —— v - Pr— e e e | e —
Example 14 PJI325 50/50 roll | - 7.5 - continuous 20 m
Example 15 PI325 50/50 DBP - 1.5 . - batch -
Example 16 PJ325 >0/50 DBP - 7.5 - batch -
S— | S ———d — e N i S e o I S . - SN S—
Example 17 PI325 50/50 DBP - 7.5 - continuous 20 m
Example 18 PI325 50/50 DBP - 7.5 - continuous 20m
Example 19 | PL2211 | 50/50 batch 15 - - batch -

P - E—— — _ ]
Example 20 | PL2211 | 50/50 batch 15 - CE 1% batch -
Example 21 PI325 65/35 DBP - 7.5 - continuous 20 m
Example 22 f1lm 50/50 DBP - 7.5 - continuous 20 m
. P . _—__———Tmm —t —_— — e

?111parat1ve PJ325 50/50 DBP - 7.5 - continuous 20m
example 1
Comparative | prane | 505 i : i - continuous | 20 m
example 2
I— S— —— S A L RS - — e s -1 ey
comparative | ooy 11 Soss0 | bateh 15 - i batch :
example 3
—_ —_— ]
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Table 3 Evaluation results of electrode substrates of

examples and comparative examples

_ . | Trough-plane Gas
| Thickness di‘;lsli ! i?elgutll% Detlection | resistivity when permeability
(mm) ( /cm;) (I\/IP%I) | (mm) pressed at (ml/hr/cm?/
5 1 MPa (mQ-cm?) mmAq)
Example 1 0.39 11 2.4 3.98 2880
Example 2 0.17 0.48 60 1020
Example 3 0.17 0.45 50 1780
Example 4 0.55 60 820
Example 6 0.27 0.49 55 500
Example 7 0.23 (.58 78 44()
Example 8 0.14 0.61 130 2.9 3.12 720
Example 9 0.14 (.58 92 L 2.7 3.11 1000
R e e T —
Example 10 0.16 (.39 13 2.3 4.08 1760
__‘——.—.___—_-T—_—_"—q
Example 11 0.17 0.48 63 2.5 3.78 1400
. B B e—
Example 12 0.17 0.45 3.9 | 1460

—_ —_ ]
Example 13 0.14 0.55 61 2.4 3.82 1000
Example 14 0.14 0.57 83 2.7 3.49 960

e e | U—— —— i T-——-———-—-——-——--———-—.-h
Example 15 0.27 0.49 57 1.5 6.47 860

F___—'_‘-—-——'———-——-———p—————-—_,__——’ . - S | —

Example 16 0.23 0.58 79 1.7 6.19 360

R e A BRI U — —_— -

Example 17 0.14 ().58 92 2.6 3.12 900

Example 18 0.14 0.58 82 2.8 3.42 2400 i
-  —— e rrrafrrarrerrma e s — ———— — T e

Example 19 0.17 (.41 11 2.3 | 3.21 2800

e o I S A ———— e - - ——A——-———_.
Example 20 0.18 0.41 15 2.8 2.95 2600

T“‘—___—T——_———b—_—n——-“,__: e SN S
Example 21 0.18 0.63 61 2.0 5.05 350
Example 2 0.18 0.55 82 2.0 4,23 370
Comparative 0.14 0.55 30 1.2 361 1500
example ]

T__—__‘r—"-——*—l———_——-—-—-——_—_,_.___.____-r —  —
Comparative 0.14 0.29 45 12 255 3300
example 2
Comparative 0.18 0.34 3 2.4 3.21 6000
example 3

—_—

-_"————————w—ﬁww——————.________m_g__“________

* The distance between supporting points was kept constantly at 2 cm.
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INDUSTRIAL APPLICABILITY

A porous carbon electrode substrate for a fuel cell of
Che present invention is a substrate excellent in flexibility,
durable to bending and able to be rolled around a roll, and

o thus having high productivity. Carbon fiber paper of the

[ —

present lnvention is suitable for producing such an excellent
electrode substrate. According to the production method of

the present invention for producing the porous carbon electrode

substrate for a fuel cell, such an excellent electrode

10 substrate can be produced.
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CLATIMS

1. Carbon fiber paper consisting of an organic high-molecular
compound as a binder and carbon fibers, the carbon fibers
5 contain thin fibers with an average diameter smaller than 5
um and an average fiber length of 3 mm, wherein sald carbon

fibers contain not less than 40% by mass of the thin fibers.

2. The carbon fiber ©paper as claimed 1in claim 1,

10 characterized in that said organic high-molecular compound 1s

polyvinyl alcohol.

3. The carbon fiber paper as c¢laimed 1n claim 1,
characterized in that said organic high-molecular compound 1S

15 pulp-like substances or short fibers of an acrylonitrile type

.

polymer.

4. The carbon fiber paper as claimed in any one of claims 1

to 3, characterized in that said carbon fibers are only of

20 polyacrylonitrile type carbon fibers.

5. The carbon fiber paper as claimed in any one of claims 1

to 4, characterized in that the carbon fibers are a mixture
of thin fibers with an average diameter larger than 3 pm and

25 smaller than 5 um and an average fiber length of 3 mm and
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thick fibers with an average diameter not smaller than 5 um
and smaller than 9 pm and an average fiber length of 3 to 10

.

6. The carbon fiber paper as claimed in any one of claims 1
to 5, wherein said binder comprises 5 to 40% of said carbon

fiber paper.

7. The carbon fiber paper as claimed in claim 6, wherein said

binder comprises 15 to 30% of said carbon fiber paper.

8. The carbon fiber paper as claimed in any one of claims 1

to 7, wherein carbon fibers have been oriented 1n saild carbon

fiber paper.

9. The carbon fiber paper as claimed in any one of claims 1

to 8, wherein said thin fibers have an average diameter from

3 pym to 4.5 pm.

10.A method of producing a porous carbon electrode substrate

for a fuel cell by impregnating carbon fiber paper with a

thermosetting resin; curing the thermosetting resin by
heating and pressing treatment; and then carbonizing the
paper, wherein said carbon fiber paper 1s the carbon fiber

paper as claimed in claim 1.
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11.The method of producing a porous carbon electrode
substrate for a fuel cell as <c¢laimed in claim 10,
characterized in that said heating and pressing treatment 1s

carried out continuously 1in a whole length of the carbon

fiber paper.

12.The mwmethod of producing a porous carbon electrode
substrate for a fuel cell as claimed in any one of claims 10
and 11 characterized in that prior to said heating and
pressing treatment, the carbon fiber paper impregnated with

the thermosetting resin 1s pre-heated.

13.The method of producing a porous carbon electrode
substrate for a fuel cell as claimed in any one of claims 10
to 12, characterized 1in that said heating and pressing
treatment is carried out using a continuous type hot press

machine equipped with a pair of endless belts.

14. The method of producing a porous carbon electrode
substrate for a fuel cell as claimed 1n any one of claims 10
to 12, characterized 1n that said heating and pressing

treatment is carried out using a continuous type hot roll

press machine.
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15.The method of producing a porous carbon electrode
substrate for a fuel cell as claimed in any one of c¢laims 10
to 14, characterized in that at the time of said heating and
pressing treatment, the pressure application 1s carried out

5 at a line pressure of 1.5 x 10° to 1 x 10° N/m.

16. The method of producing a porous carbon electrode

substrate for a fuel cell as claimed in any one of claims 10
to 15, characterized in that said carbonization 1s carried

10 out continuously in the whole length of the carbon fiber

paper.

17.The method of producing a porous carbon electrode
substrate for a fuel cell as claimed in any one of claims 10
15 to 16, characterized in that the electrode substrate obtailned

by said carbonization is rolled around a roll with the outer

diameter of 50 ¢m or smaller.

18. The method of producing a porous carbon electrode
20 substrate for a fuel cell as claimed in any one of claims 10

to 17, characterized in that a conductive substance 1s added

to said thermosetting resin.
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FIG. 1

FIG. 2

1/1
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