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ABSTRACT

To provide a gas diffusion layer member with a good

RH balance.
A gas diffusion layer member for solid polymer type

fuel cell use comprising a sheet-shaped gas permeable

conductive base material of a thickness of 100 to 250 um
1n range, which gas diffusion layer member 1is
characterized in that a moisture vapor transmission rate
by the measurement method defined by JIS L 1099:2006 1s
1300 to 2000 g/m°/h in range.
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DESCRIPTION

Title of Invention:
GAS DIFFUSION LAYER MEMBER FOR SOLID POLYMER TYPE FU:
CELL AND SOLID POLYMER TYPE FUEL CELL

L*J

(7]
-

-

Technical Field

[0001] The present invention relates to a gas

diffusion layer member for a solid polymer type fuel cell

and to such a solid polymer type fuel cell (polymer
electrolyte fuel cell: PEFC).

Background Art
(0002] Fuel cells utilizing hydrogen and oxygen 1n

principle only produce water as a reaction byproduct, so
are being closely looked at as means for generating clean

energy with little environmental impact. Among these,

solid polymer type fuel cells are easy to handle and hold

forth the promise of higher output and density, so there

has been much research activity and attempts at

commerclalization. Their filelds of application are vast.

For example, power sources for moving bodies such as
automobiles or buses, stationary power sources 1n the
general home, power sources for compact portable

terminals, etc. may be mentioned.

I

[0003] A solid polymer type fuel cell 1s comprised of

a large number of unit cells stacked up. FIG. 1 shows the

typical structure of a unit cell. In FIG. 1, a polymer

electrolyte membrane (ion exchange membrane) 10 1s

P

sandwiched at its two sides by a palir of catalyst layers

20 and 21. Furthermore, these catalyst layers 20 and 21

are sandwiched at their two sides by a pair of carbon

fiber current collector layers (also called porous

support layers and gas diffusion layers) 40 and 41. The

P

outsides of these carbon fiber current collector layers

40 and 41 are opened facing gas channels formed by

separators 60 and o6l (fuel gas channel 50 and oxygen-

containing gas channels 51). Fuel gas (H; etc.) which 1s

introduced from the channel 50 passes through the first
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carbon fiber current collector layer (anode side carbon

fiber current collector layer) 40 and reaches the first

catalyst layer (anode and fuel electrode) 20. Here, the
fuel gas releases electrons while generating protons (H')
by the anode electrode reaction shown below. These
protons pass through the polymer electrolyte membrane 10
and reach the second catalyst layer (cathode and oxygen
electrode) 21. Here, the protons receive electrons and

generate H,O by the cathode electrode reaction shown

below:

Anode electrode reaction: H, — 2H" + 2e”

Cathode electrode reaction: 1/20, + 2H" + 2e” — H,0
10004 ] As the polymer electrolyte membrane 10, a

perfluoro-based electrolyte such as Nafion® (made by
DuPont) or a hydrocarbon-based electrolyte 1s generally
being used. The polymer electrolyte membrane 10 requires

accompanying H,O to conduct protons. Further, the catalyst

layers 20 and 21 are comprised of a catalyst metal and

proton conducting electrolyte. For these catalyst layers
20 and 21 to promote an electrode reaction, the presence
of H»O 1s again required. For this reason, to maintain the
polymer electrolyte membrane 10 and the catalyst layers

20 and 21 of the fuel cell 1n a suitable water-containing

state during operation, usually the practice 1s to feed

water vapor (molsturize the layers) through the feed gas

fuel gas 50 and oxygen-contalining gas 51).

(
[0005] The H,O which was supplied for humidifying the

fuel gas 50 dissolves 1n the electrolyte 1n the anode

layer 20 and the polymer electrolyte membrane 10 and

travels to the cathode side together with movement of the
protons. Part of the H,O0 which was not used 1s exhausted
as water vapor together with the exhaust gas to the

outside of the system, while the remainder 1s exhausted

as condensed water from a drain (not shown) to the

outside of the system. Further, the H,O which was supplied

for humidifying the oxygen-containing gas 51 similarly

dissolves 1n the electrolyte in the catalyst layer 21 and
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the polymer electrolyte membrane 10. The H;O which was not

used 1s exhausted together with the exhaust gas to the

ﬁ

outside of the system or is exhausted as condensed water

from a drain (not shown) to the outside of the system. In
addition, the H,O which is produced by the electrode
reaction of the cathode catalyst layer 21 partially

' ol
p—
R—

L

reversely diffuses through the inside of the polymer

electrolyte membrane 10 to travel to the anode side for

use, while the remainder passes through the cathode side

carbon fiber current collector layer 41 and is discharged

from the system as water vapor or condensed water.

[0006] In the above way, as a result of the feed of

H,O, generation of H,0O, and travel of H,0, the cathode

layer 21 becomes a relatively H;O rich state. Therefore,
1t 1s necessary to make the H,O at the cathode layer 21

travel to the carbon fiber current collector layer 41

side using the water vapor pressure difference or HO

concentration difference as a drive force or make it
further travel to the polymer electrolyte membrane 10
side using the H,O concentration difference as a drive
force so as to thereby maintain 1t at a suitable amount.

[0007] In this respect, 1n an automobile or other

moving body, the load of the fuel cell frequently changes

during startup, running, stopping, etc., so the fuel cell

mounted in this moving body preferably can be utilized
under a broad range of operating conditions from low
output to high output. Further, due to restrictions on
the carried weight and size, the fuel cell has to be
compact and light i1in weight. Furthermore, the gas feed
devices (pump etc.), humidifying devices, and other
additional devices are also being asked to be made lower

in power consumption and lighter in weight. For example,

the gas flow rate from the gas feed devices 1s generally,

by air utilization rate, 40 to 50% or so, but 1f it were

possible to further raise the air utilization rate, it

would become possible to reduce the power consumption and

lighten the weight of the gas feed devices. Further, to
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F

realize lower power consumption or lighter weight of the

humidifying devices, 1t is desirable to reduce as much as

possible the amount of humidification of the polymer

electrolyte membrane 10 required at the time of fuel cell
operation (low humidity operation or dry operation).

[0008] However, 1f reducing the amount of

humidification, the difference in water vapor pressure
between the catalyst layer 21 and the carbon fiber

current collector layer 41 will increase and the amount

of H,O which travels from the polymer electrolyte membrane
10 and the catalyst layer 21 to the carbon fiber current

collector layer 41 will increase. As a result, the H;O

P

content of the polymer electrolyte membrane 10 will fall

and the proton conductivity will drop, or the catalyst

layer 21 will dry up and the effective catalyst area will

be reduced, so a so-called "dry-up state" will result,

the output of the fuel cell will fall, and power

generation will not longer be able to be maintained in

SOoIme Ccases.

[0009] kven when not the dry operating condition, 1f

ralising the amount of power generation (for example,

performing high output operation at a 1A/cm* or more

current density), the amount of accompanying H,O which

travels through the polymer electrolyte membrane 10 to

the catalyst layer 21 side will i1ncrease. Furthermore,

the amount of heat generated by the catalyst layer 21

wlll remarkably rise and the difference 1in water vapor

pressure between the electrode layer 21 and the carbon

4

fiber current collector layer 41 will 1ncrease, sSo a

P

large amount of the H,O of the electrode layer 21 will

travel to the carbon fiber current collector layer 41

side and similarly a dry-up state will occur.

[0010] If a dry-up state occurs, the polymer

electrolyte membrane 10 would fall in lifetime, so a high

humidification condition has to be employed. Even 1in

stationary type fuel cells for home applications,

operation under a low humidification condition is
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desirable from the viewpoint of lower power consumption,

but the membrane lifetime would become shorter, so again
a high humidification condition has to be employed.
However, as explained above, originally the cathode side
catalyst layer 21 easily becomes an H,O rich state, so if
operated under a high humidification condition, the

F

amount of water at the cathode side catalyst layer 21

wlll easily become excessive, that is, a so-called

flooding state will easily occur. In the flooding state,

the catalyst layer 21 and the carbon fiber current

collector layer 41 are drenched in water, so the supply

pr—

f oxygen-containing gas to the catalyst metal is cut off

—

O

P

and the output of the fuel cell ends up falling. Further,

in a high output operation (operation at 1A/cm® or more
current density), sometimes dry-up where water is

stripped from the polymer electrolyte membrane 10 and the

floodlng state arising due to insufficient exhaust of H;0

from the catalyst layer 21 to the carbon fiber current

collector layer 41 side will simultaneously occur.

[0011] To prevent dry-up and flooding, wvarious
techniques have been proposed (PLT 1 to 3). For example,

PLT 1 proposes to gradually i1ncrease the porosity of the

second carbon electrode from the upstream region to

downstream region of the oxidizing agent channels. This

means, 1n the fuel cell shown in FIG. 1, gradually

increasing the porosity of the cathode side carbon fiber

current collector layer 41 from the front side of the

praper to the back side. Further, in PLT 2, 1f explained

with reference to FIG. 1, 1t 1s proposed to form mixed

layers comprised of a fluororesin and carbon black

between the catalyst layers 20 and 21 and carbon fiber
current collector layers 40 and 41 and to 1increase the
thicknesses of the mixed layers at the inlet side parts
50a and 5la of the fuel gas and oxygen-containing gas
(ox1dizing agent gas) over the thicknesses of the outlet
side parts 50b and 51b. However, with the systems

described in PLTs 1 and 2, the porosity or thickness 1is
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P

changed 1n a slant in the planar directions of the carbon

fiber current collector layers 40 and 41, so when

stacking up and fastening unit cells, the pressure

distribution will become uneven and the performance will

not become stable.

10012] PLT 3, 1f explained with reference to FIG. 1,

discloses to form the carbon layers by coating the carbon

fiber current collector layers (gas diffusion base
material) 40 and 41 on the catalyst layer 20 and 21 sides

and to divide these carbon layers into i1slands or a

lattice 1n the plane and form porous parts between these
divided parts of the carbon layers. However, 1in general,
at the surface of a carbon fiber current collector layer,

i
e

the carbon fibers are fluffed up and therefore there are

a large number of surface relief parts. In PLT 3, the

carbon fiber current collector layers are just coated

with the carbon layers, so the fluff and surface relief

are not reduced. Due to the pressure at the time of stack
up, the catalyst layer 21 and the polymer electrolyte
membrane 10 are liable to be scratched. Here, to prevent

this scratching, referring to the later explained PLT 4,

carbon layers formed into sheet shapes 1n advance may be

stacked on the carbon fiber current collector layers.

r—

Even 1f thinking of this, the sheets (carbon layers) have

to be divided. The porous parts which are formed by the

division are extremely large, so pools of water form
extremely easily and conversely flooding ends up easily
occurring.

[0013] Furthermore, PLTs 1 to 3 do not describe or

suggest anything regarding what to do so as to prevent

both dry-up and flooding in the broad range from a high

humidification condition to a low humidification

condition and, further, in the broad range from a high

gas flow rate (low air utilization rate) to a low gas

flow rate (high air utilization rate).

[0014] PLT 4, 1f explained with reference to FIG. 1,

discloses to stack and join sheets formed in advance,
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obtained by paste extrusion and rolling of a PTF!

L+

powder-

carbon black mixture, on the carbon fiber current

collector layers (carbon paper) 40 and 41. However, PLT 4

P

does not describe anything regarding prevention of dry-up

or prevention of flooding. Further, the above sheet

material (PTFE powder-carbon black mixture) has a

thickness of 0.2 mm (200 pm) or 0.6 mm (600 um).

[0015] PLT 5 discloses, for facilitating the water

management function of the porous carbon electrode base

material inside the fuel cell and for improving the

P

uniformity of the water management function in the plane,

a porous carbon electrode base material comprised of a

P

stack of at least two conductive porous base materials

differing in gas permeation coefficients. However, PLT 5

does not teach anything regarding the moisture vapor

P

transmission rate of the porous carbon electrode base

material for controlling the water management function.

Citation List

Patent Literature

[0016] PLT 1: Japanese Patent Publication (A) No. 6-
267562

PLT 2: Japanese Patent Publication (A) No. 2001-
135326

PLT 3: Japanese Patent Publication (A) No. 2004-
164903

PLT 4: Japanese Patent Publication (BZ) No. 1-12838

PLT 5: Japanese Patent Publication (A) No. 2007-
227008

Summary of Invention

Technical Problem

[0017] As general use gas diffusion layer (GDL) base

materials, carbon cloth, carbon nonwoven fabric, carbon

paper, etc. may be mentioned. Carbon cloth and carbon

nonwoven fabric are structurally high 1n gas transmlission

rate and are suitable for use under a high RH condition.

Carbon paper 1s comprised of carbon fiber bonded by a

binder and has a pore size distribution smaller than that
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of carbon cloth or carbon nonwoven fabric, so has a low
gas transmission rate and i1is suitable for use under a low
RH condition. As a typical GDL base material, TGP-H-060
(made by Toray) 1s known. Due to these features, in the
past, the optimum GDL base material was mainly selected
1n accordance with the RH environment used.

[0018] However, to lower the cost and reduce the size

of fuel cell systems, the humidifiers have been made

smaller and the RH at the inlets of the feed gas has been

r—

lowered, while to increase the amount of power

generation, the fuel cell has to be operated at a high

current density, so a large amount of water 1is produced

and the RH at the outlets becomes high. In this way,
operation under complicated RH conditions is sought. That
1s, a GDL base material which has superior properties
both under high RH and low RH operating conditions is
belng sought.

[0019] Further, from a dif

‘erent perspective, carbon

|

paper 1s higher than carbon cloth and carbon nonwoven

fabric in dimensional stability in the planar direction

and thickness direction and superior to them in MEA

workability. Further, it is high in bending rigidity, so

1t 1s superior in handling ability when stacked to form

an MEA. Furthermore, carbon paper 1s thinner and easily

to shape than carbon cloth or carbon nonwoven fabric, so

facilitates reduction of the stack size. These physical

features are extremely important in the design of

automation processes for mass production of fuel cells.

Specifically, carbon paper 1s good 1n dimensional

stability after being cut in the process of cutting the

GDL 1nto predetermined dimensions and further 1s superior
1n ease of chucking and ease of movement 1n a robot

conveyarnce process.

[0020] In this way, a GDL base material with a good

balance of RH characteristics considering also

performance and productivity has been hoped for, but none

achieving both has yet been discovered.
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Solution to Problem
[0021] According to the present invention, there 1is
provided
(1) A gas diffusion layer member for a solid

polymer type fuel cell use comprising a sheet-shaped gas

permeable conductive base material having a thickness of

100 to 250 pum in range, characterized in that a moisture
vapor transmission rate by the measurement method defined

in JIS L 1099:2006 is 1300 to 2000 g/m°/h in range.

[0022] Furthermore, according to the present

invention, there 1s provided

(2) A gas diffusion layer member as set forth in
(1), wherein the molsture vapor transmission rate is 1300
to 1800 g/m°/h in range.
[0023] Furthermore, according to the present

invention, there is provided

(3) A gas diffusion layer member as set forth in
(2), wherein the moisture vapor transmission rate 1s 1450
to 1650 g/m°/h in range.
(0024 ] Furthermore, according to the present

invention, there 1s provided

(4) A gas diffusion layer member as set forth 1in

any one of (1) to (3), wherein a penetration resistance

determined by the four-terminal method (1 kHz AC,

pressure between terminals 981 kPa, room temperature) 1s

not more than 15 mQcnm®.
[0025] Furthermore, according to the present

invention, there 1s provided

(5) A gas diffusion layer member as set forth 1in

any one of (1) to (4), whereiln the gas permeable

conductive base material has a thickness of 125 to 215 um
in range.
[0026] Furthermore, according to the present

invention, there 1s provided

(6) A gas diffusion layer member as set forth in

any one of (1) to (5), wherein the gas permeable
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conductive base material has a density of 0.22 to 0.47
g/cm’ in range.
(0027 Furthermore, according to the present

invention, there is provided

sl

(/) A gas diffusion layer member as set forth in

any one ot (1) to (6), wherein the gas permeable
conductive base material includes carbon paper which is
treated for water repellency.

[0028] Furthermore, according to the present

invention, there 1s provided

(8) A gas diffusion layer member as set forth in

any one of (1) to (7), wherein a microporous layer (MPL)

1s further stacked.

[0029] Furthermore, according to the present

invention, there is provided

(9) A gas diffusion layer member as set forth in

(8), wherein the MPL 1s a humidity adjusting film

including a conductive carbon powder and

polytetratfluoroethylene.
[0030] Furthermore, according to the present

invention, there 1s provided

(L0) A solid polymer type fuel cell comprising a

membrane electrode assembly (MEA) having provided on at

least one side thereof a gas diffusion layer member as

set forth in any one of (1) to (9), the MEA comprising a

polymer electrolyte membrane having bonded to one side

*

thereof a catalyst layer for anode and to the opposite

si1de thereof a catalyst layer for cathode.
[0031] Furthermore, according to the present

invention, there 1s provided

(11) A solid polymer type fuel cell as set forth 1n
(10), where the gas diffusion layer member 1s provided on
the cathode side of the MEA.

L]

)

Advantageous Effects of Invention

[0032] According to the present invention, by keepiling

— —
—

the molisture vapor transmission rate of the gas diffusion

layer member at 1300 to 2000 g/m“/h in range, a superior
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power generating performance 1s obtained under both high
RH and low RH operating conditions. Further, according to
the present invention, by providing both a gas permeable
conductive base material which has a carbon paper
structure and a humidity adjusting film which controls

the molsture vapor transmission rate, it is possible to

provide better power generation characteristics. In

particular, using carbon paper as the gas permeable

conductive base material is extremely advantageous in the

ﬁ

design of an automation process for mass production of

p—
p——

fuel cells due to the excellent dimensional stability of

"

the gas diffusion layer member after cutting, the ease of
chucking and ease of movement in the conveyance process,

etcC.

Brief Description of Drawings

10033] FIG. 1 1s a schematic perspective view showilng

a conventional fuel cell (unit cell).

FIG. 2 1s a schematic perspective view showing one

F
p—

example of a fuel cell (unit cell) of the present

invention.

FIG. 3 1s a schematic cross—-sectional view showing a

method of measurement of molsture vapor transmission

rate.

FIG. 4 1s a scatter plot matrix showing the

relationship between the moisture vapor transmission rate

and gas transmission rate and the power generation

performance.

Description of Embodiments
[0034] The gas diffusion layer member for solid
polymer type fuel cell use according to the present

invention comprises a sheet-shaped gas permeable

ﬁ

conductive base material of a thickness of 100 to 250 um

in range and has a molsture vapor transmission rate by
the measurement method defined in JIS L 1099:2000 of 1300
to 2000 g/m°/h in range.

— =
—

[0035] In general, as a gas diffusion layer member for

solid polymer type fuel cell use, a sheet material which
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has conductivity and gas transmission is used. As typical

examples of such a sheet material, carbon paper, carbon

woven fabric, carbon nonwoven fabric, carbon felt, or
another gas permeable conductive base material treated to

make 1t water repellent may be mentioned. Further, a

porous sheet obtained from carbon particles and a

fluororesin can also be used. As an example of such a

porous sheet, one obtained by forming carbon black into a

sheet using polytetrafluoroethylene as a binder may be

mentioned. The inventors discovered among such general

gas diffusion layer members, ones particularly having a
molsture vapor transmission rate by the measurement
method defined by JIS L 1099:2006 of 1300 to 2000 g/m“/h
1n range can exhibit an excellent power generation

fuel cell under both

-t

performance 1n a solid polymer type

high RH and low RH operating conditions.

[0036] In conventional gas permeable conductive base
materials, as described in PLT 5, attempts have been made
to control the RH characteristics by focusing on the gas

transmission rate. However, when the gas transmissive

carbon base material greatly differs 1n structure, 1n

particular the pore size distribution, as shown in the

later explalined embodiment data and FIG. 4, 1t was
learned that there 1s substantially no correlation
between the gas transmilssion rate and the RH
characteristics and, rather, the moilisture vapor

transmission rate has a high correlation with the RH

characteristics. In particular, 1t was confirmed that,

g

regardless of the extent of the gas transmission rate,

ﬁ

the balance of RH characteristics 1s good 1n the range o:

n

I

a molsture vapor transmission rate (MVTR) of the gas

diffusion layer member of 1300 to 2000 g/m°/h in range.
[0037] The gas diffusion layer member according to the
present invention has a moisture vapor transmission rate

of generally 1300 to 2000 g/m“/h, preferably 1300 to 1800
g/m°/h, more preferably 1450 to 1650 g/m°/h in range. If

the moisture vapor transmission rate of the gas diffusion
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layer member exceeds 2000 g/m°/h, in particular at the

time of low RH operation or high output operation, dry-up

will easily occur, while conversely if it falls below

1300 g/m°/h, in particular at the time of high RH

operation or high output operation, flooding will easily

occur. The moisture vapor transmission rate of the gas

diffusion layer member according to the present invention

1s the value obtained by the measurement method defined

1n the Japan Industrial Standard (JIS) L 1099:20006.

[0038] The moisture vapor transmission rate of the gas
diffusion layer member according to the present invention
can be controlled by the thickness of the gas permeable
conductive base material. Specifically, the above range

P

of the moisture vapor transmission rate of the gas

diffusion layer member can be controlled by making the

thickness of the gas permeable conductive base material

125 to 215 um, preferably 130 to 190 Uum 1n range.

P

Further, the moilsture vapor transmission rate of the gas

diffusion layer member can be controlled by the density

P

- the gas permeable conductive base material.

[ N

O

Specifically, the above range of the moisture vapor

P P
p—

transmission rate of the gas diffusion layer member can

be controlled by making the density of the gas permeable

conductive pbase material 0.22 to 0.47 g/cm?,jpreferably

0.35 to 0.40 g/cm’ in range. If the gas permeable

conductive base material has a thickness below 125 pum or

a density below 0.22 g/cm’, the base material will become

insufficient in physical strength and will deteriorate 1n

handling ability or the base material will easily break

by the compressive force upon fastening the fuel cell.

e

Conversely, 1f gas permeable conductive base material has

a thickness exceeding 215 um or a density exceeding 0.4/
g/cm?,'the base material will increase 1in electrical
resistance, so the resistance at the time of cell power

generation will 1ncrease and the voltage of the fuel cell

will end up falling.
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[0039] The gas diffusion layer member according to the
present i1nvention has to have conductivity.
Quantitatively, the gas diffusion layer member according
to the present invention has a penetration resistance by
the four-terminal method (1 kHz AC, pressure across

p— p—

terminals of 981 kPa, room temperature) of preferably not

more than 15 mQcm*, more preferably not more than 13
mQcm®. The smaller the penetration resistance, the

better. The 1deal lower limit value is O mﬁkmf, but

realizing an actual penetration resistance of not more

than 2 mQcm® is difficult from the viewpolnt of

—

maintaining the porous structure for gas diffusion.

[0040] The gas permeable conductive base material

forming the gas diffusion layer member according to the
present inventilion preferably includes carbon paper. As

explained above, carbon paper is superior to carbon cloth

or carbon nonwoven fabric 1n dimensional stability or

workability into an MEA, 1s higher in bending rigidity

and better i1n handling ability, and, furthermore, 1s thin

pr—

and easy to shape, so facilitates reduction of the stack

slze. Such carbon paper can be produced as follows:

Carbon fiber made of petroleum pitch, phenol, cellulose,
acrylonitrile fiber, etc. as a raw material 1s cut into
predetermined lengths and dispersed i1n water. This

dispersion 1s made into paper on a metal mesh, to which

polyvinyl alcohol or polyvinyl alcohol staple fiber or
another binder is applied to obtain carbon fiber paper.
Then, this carbon fiber paper 1s 1mpregnated with a

thermosetting resin to obtain thermosetting resin-

impregnated carbon fiber paper. As a thermosetting resin,

a phenol-based resin, epoxy-based resin, furan-based
resin, melamine-based resin, unsaturated polyester-based
resin, polyurethane-based resin, urea-based resin, etc.
may be used. In particular, a high residual carbon ratio

P

resin has the effect of bonding contact points of fibers

together even after firing, and can easily give a carbon
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fiber woven fabric with a small rate of change of

thickness at the time of compression, so is preferred. As
a high residual carbon ratio resin, a phenol resin or
epoXy resin may be mentioned, but a phenol resin 1is

particularly preferable. Further, this phenol resin-

impregnated carbon fiber paper is pressed by a flat heat

press at a medium temperature, for example, 250°C, to
adjust the thickness and simultaneously cure the phenol

resin. Thereafter, this is carbonized in an inert gas

(nitrogen) atmosphere at a high temperature, for example,

1500°C or more, preferably 2000°C or more, to obtain
preferable carbon paper.

[0041] As explained above, the moisture vapor

transmission rate of the gas diffusion layer member
according to the present invention can be controlled by
the thickness of the gas permeable conductive base
material. When the gas permeable conductive base material
1ncludes carbon paper, it 1s possible to control the type

P

or length of the carbon fiber, amount of binder, amount

of phenol resin, amount of compression by a press, number

of sheets of resin-lmpregnated carbon fiber paper stacked

pefore pressing, etc. so as to change the carbon paper 1n
thickness and/or density and adjust it to any moisture

vapor transmission rate (MVTR).

[0042] The gas diffusion layer member may, 1n

b

accordance with need, be treated by a fluororesin to make
1t water repellent. The water repellency treatment means

treatment dipping the gas diffusion layer member 1n a

fluororesin-containing solution and then drying i1t. The

dipping and drylng may be repeated until the desired

F
P

amount of fluororesin is deposited. As the fluororesin-

F
p—

containing solution, an aqueous dispersion of a

fluororesin using a surfactant etc. may be used. A

-

commercilially availlable agueous PTFE dispersion 1s also

F

one preferred example of a fluororesin-containing

solution. When reliably imparting water repellency to the

gas diffusion layer member, the recommended amount of the
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fluororesin in the gas diffusion layer member is, for
example, at least 0.3 mass%, preferably at least 1 mass$%,
sti1ll more preferably at least 3 mass%$. On the other
hand, 1f the amount of fluororesin becomes excessive, the

water drainability will decline and flooding will easily

F

occur. Therefore, the recommended amount of fluororesin

in the gas diffusion layer member is, for example, not
more than 65> masss, preferably not more than 50 masss,

sti1ll more preferably not more than 30 mass$.

[004 3] The gas permeable conductive base material

containing the carbon paper 1s rough at the surface to a

certain extent due to the denier and arrangement of the

carbon fibers. When directly contacting the later

explained catalyst layer, the contact area will be large

and the contact resistance will end up becoming large as

ﬁ

well. Further, compared with the distribution of pores of

l

the catalyst layer, the distribution of pores of the gas
permeable conductive base material 1s extremely large, soO

the water produced at the catalyst layer cannot be

smoothly discharged and flooding will occur due to the

liquid water near the catalyst layer and therefore the

reaction sites will end up being remarkably decreased. To
overcome such a problem, 1n the past, a conductive
microporous laver (MPL) not containing any catalyst has
been arranged between the catalyst layer and the gas
permeable conductive base material. Specifically, a
coating type MPL formed by coating and drying to a solid
a slurry obtained by mixing carbon powder and a water

repellency agent and an MPL of the humidity adjusting

film described in Japanese Patent Publication (A) No.

2006-252948 are known. In the present i1nvention, for

example, by using the humidity adjusting film described
in Japanese Patent Publication (A) No. 2006-252948, 1t
becomes possible to control the moisture vapor

transmission rate not only at the gas permeable

conductive base material, but also at the MPL and the

freedom of design 1s enhanced. When using such a humidity
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adjusting film, the gas diffusion layer member according
Lo the present invention 1s comprised of a laminate of a

gas permeable conductive base material and a humidity

adjusting film, and the moisture wvapor transmission rate

P

of the gas diffusion layer member indicates the moisture

vapor transmission rate of that laminate.

(0044 ] The humidity adjusting film is preferably

*

comprised of a conductive carbon-based powder and

polytetrafluoroethylene (PTFE) and exhibits conductivity,

gas permeability, and hydrophobicity overall. The

conductive carbon-based powder is used for the

conductivity, gas permeability, and hydrophobicity of the

humidity adjusting film. For example, furnace black, lamp
black, thermal black, acetylene black, or other carbon
black, graphite, etc. may be used. These may be used
alone or 1n mixtures or two or more types. The preferable
conductive carbon-based powder 1s acetylene black or a
mixture with the same. Acetylene black or a mixture with
the same 1s superior in conductivity, water repellency,

and chemical stability. PTFE is used to bind the

conductive carbon-based powder to form a film. It is also

preferable 1n the point that 1t can cover the surface of
the conductive carbon-based powder to 1mpart water
repellency. For details on the humidity adjusting film,
please see the above Japanese Patent Publication (A) No.

2006-252948.
(004 5] The gas diffusion layer member according to the

present i1nvention can be combined with a polymer

electrolyte membrane, a catalyst layer for anode, a

catalyst layer for cathode, and a separator to form a

solid polymer type fuel cell. FIG. 2 shows an example of

a unit cell of a solid polymer type fuel cell according

to the present invention including an optional humidity

adjusting film. The unit cell of a preferable solid

polymer type fuel cell according to the present invention

1s comprised of a membrane electrode assembly (MEA) 130,

including a polymer electrolyte membrane 10 to one side
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P

of which a catalyst layer for anode 20 is bonded and to

the opposite side of which a catalyst layer for cathode
21 1s bonded, on both sides of which gas permeable

conductive base materials 40 and 41 are provided via

humidity adjusting films 30 and 31, respectively. In this
case, the humidity adjusting films 30 and 31 and the gas

permeable conductive base materials 40 and 41

respectively form stacked type gas diffusion layer

members 110 and 111. Furthermore, at the outsides of the

gas permeable conductive base materials 40 and 41,
separators o0 and 61 are provided. The fuel cell operates
by running fuel gas through the anode side channel 50 and
running oxygen-containing gas through the cathode side
channels 51. The gas diffusion layer members 110 and 111

are pboth preferably gas diffusion layer members having

the speclfic molisture vapor transmission rate according
to the present invention, but it 1s also possible to have
either, in particular just the cathode side gas diffusion
layer member 111, have the specific molsture vapor
transmission rate according to the present invention.
Further, 1t 1s also possible to provide either of the
optional humidity adjusting films 30 and 31 at just one
side, 1n particular the cathode side.

1004 0] As the polymer electrolyte membrane, a

perfluoro-based electrolyte, hydrocarbon-based

electrolyte, etc. 1s preferable. In particular, a

perfluoro-based electrolyte membrane 1s preferable. As a

perfluoro-based electrolyte membrane, a sulfonic acid-
based electrolyte membrane (for example, Nafion® (made by
DuPont), GORE-SELECT® (made by Japan Goretex), etc.) 1S

preferable, while a perfluorosulfonic acid resin-based

electrolyte membrane reinforced by expanded porous

polytetrafluoroethylene (GORE-SELECT® (made by Japan

Goretex) etc.) 1s particularly preferable.

(0047] The EW (equivalent weight) of the polymer
electrolyte membrane 1s, for example, recommended to be

at least 700 (preferably at least 900) and not more than
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1500 (preferably not more than 1300). Further, the

P

thickness of the polymer electrolyte membrane is, for

example, preferably at least 5 um (preferably at least 10
um) and not more than 100 um (preferably not more than 60

pra)

[0048] As the catalyst layers, conventionally known

ones may be used. For example, ones prepared from a

ﬁ

paste-like ink which is comprised of carbon black or

other conductive carbon particles (average particle size:

20 to 100 nm or so) on the surface of which fine

' el

particles of platinum or an alloy of platinum and another

metal (for example, Ru, Rh, Mo, Cr, Fe, etc.) (average

P

particle size of not more than 10 nm is preferable) are

carried and a perfluorosulfonic acid resin-containing

solution uniformly mixed in a suitable solvent (for

1

the

example, alcohol) 1s used. The amount of platinum o:

I

anode side catalyst layer 20 (fuel electrode) 1is,
converted to metal platinum, preferably 0.01 to 0.5 mg/cm2
or so, while the amount of platinum of the cathode side
catalyst layer 21 (air electrode) 1s, converted to metal
platinum, preferably 0.1 to 0.8 mg/cnf or so. The

thickness of the catalyst layer 1s, for example, 5 to 30

um or so.

(0049] When using a humidity adjusting film, it may be

used as 1s for a unit cell. Further, 1t may also be
stacked and joined with other functional layers (polymer
electrolyte membrane 10, catalyst layers 20 and 21, gas

permeable conductive base materials 40 and 41, etc.) 1n

advance to obtain a composite film and use this for the

unit cell. As preferable composite films, for example,

(1) humidity adjusting films 100 and 101 with electrode

functions which are comprised of humidity adjusting films

30 and 31 and catalyst layers 20 and 21 stacked and

joined together; (2) stacked type gas diffusion layers
110 and 111 which are comprised of humidity adjusting

films 30 and 31 and gas permeable conductive base
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materials 40 and 41 stacked and joined together; (3) gas

diffusion layers 120 and 121 with electrode functions

F

which are comprised of humidity adjusting films 30 and 31

on first surfaces of which gas permeable conductive base

materials 40 and 41 are stacked and joined and on second

surfaces of which the catalyst layers 20 and 21 are
stacked and jolned; (4) a fuel cell-use membrane
electrode assembly 140 which 1s comprised of a polymer
electrolyte membrane 10 sandwiched at the two surfaces by

a pair of catalyst layers 20 and 21 to obtain a membrane

electrode assembly 130 further sandwiched at the two

surfaces by a pair of humidity adjusting films 30 and 31;

(9) an 1ntegral gas diffusion layer type membrane
electrode assembly 150 which 1s comprised of a membrane
electrode assembly 140 on the two outsides of which gas
permeable conductive base materials 40 and 41 are

stacked; (6) a membrane electrode assembly 141 which is

g

comprised of a polymer electrolyte membrane 10 sandwiched

at the two sides by a catalyst layer for anode 20 and a
catalyst layer for cathode 21 to obtalin a membrane
electrode assembly 130 at the cathode side of which a

humidity adjusting film 31 i1s stacked; and (7) an

integral gas diffusion layer type assembly 151 which 1s

comprised of an integral gas diffusion layer type

ﬁ

electrode assembly 141 on the two outsides of which gas

permeable conductive base materials 40 and 41 are stacked

and jolned may be mentioned. The means of stacking and

joilning the layers 1s not particularly limited. A

conventionally known stacking means (for example,

stacking using an adhesive, stacking by heating and

P
-

pressing, etc.) may be suitably employed, but 1if

considering the gas transmission rate, heating and

pressing treatment 1s preferable. In particular, when
stacking humidity adjusting films 30 and 31 and water
repellent gas permeable conductive base materials 40 and
41, by using heating and pressing treatment, a drop 1in

the water repellency can also be prevented. Further, when
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stacking humidity adjusting films 30 and 31 and gas

permeable conductive base materials 40 and 41, pressing
while heating to a temperature of 300 to 400°C or so (in

particular, 350°C or so) is most recommended. When the

humidity adjusting films 30 and 31 are produced by the
wet method, surfactant remains. The gas permeable
conductive base materials 40 and 41 also have residual

surfactant when treated for water repellency. If pressing

ﬁ

while heating to a temperature of 300 to 400°C or so (in

particular, 350°C or so), it is possible to carbonize the
surfactant and stack and join the humidity adjusting
films 30 and 31 and the gas permeable conductive base
materials 40 and 41 by a single treatment. This 1is
convenlient.

[0050] Further, as the membrane electrode assembly
130, 1t 1s possible to use one obtained by directly

coating a paste-like ink for forming the catalyst layers
20 and 21 on the polymer electrolyte membrane 10 using a
doctor blade, bar coater, or other printing device, one

obtained by coating and drying a paste-like ink in

advance on a polytetrafluoroethylene, polypropylene, or

other good releasability smooth film surface by a doctor

blade, bar coater, or other printing device, then
transferring the coating layer to a polymer electrolyte

membrane 10 using a hot press (decal method), etc. Note
that, for the membrane electrode assembly (MEA) 130,

PRIMEA® availlable from Japan Goretex can be used.
[0051] By alternately stacking, for 10 to 100 cells,

MEAs obtained by bonding i1n the above way with separators

and cooling parts so that the anode sides and the cathode

F

sides of the MEAs become predetermined sides, 1t 1s
possible to assemble a fuel cell stack. The fuel cell

stack can be assembled by a conventional known method.

Examples

[0052] The methods of measurement of the different

parameters 1n the examples will be explained below:
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Thickness

The base material or gas diffusion layer member was

measured by a Mitsutoyo Micrometer PMU150-25DM to

determine the thickness.

[0053]

Basis weilght

The base material or gas diffusion layer member was

F
p—

punched to obtain a sample of a size of ¢48 mm which was

then measured for mass by a precision electron scale. The

F

mass was divided by the area of the sample size to

determine the basis weight.

[0054]

Density

The basis weight was divided by the thickness to

calculate the density.

[0055] Penetration resistance

The gas diffusion layer member was clamped by a pair
of gold-plated smooth metal blocks (area 2 cm®) (pressure:
981 kPa (10 kgf/cm?), d-terminal method) and measured for

resistance when running an alternating current of 1 kHz

at room temperature (current: 100 mA) by an m{)2 meter

(made by Adex, product name: Digital Battery m{)2 Meter

(Model AX-126B)). The penetration resistance was found by

the following formula.

Penetration resistance (m&kmf) = measured resistance

value (m€2) x 2 (cm

[0056]

1o mm 1nside diameter SUS tubes (1nside area 2 cm

‘)

Gas transmission rate
2
)

were pressed agalnst the front and back of the gas

diffusion layer member (1 MPa). Pressurized air (0.5 kPa)

wasS IXrun

from one and the air flow rate was measured at

the opposite side (outlet) by a membrane type flowmeter.

The gas transmission rate was found by the following

formula.

Gas transmission rate (ml/min/cm’/kPa) = flow rate
(ml/min) /2 (cm?)/0.5 (kPa)

[0057]

Moisture vapor transmission rate

The moisture vapor transmission rate was determined



10

15

20

20

30

35

CA 02767891 2012-01-11

- 3 =

pbased on JIS L 1099: 2006. This molsture vapor

transmission rate measurement method utilizes the

molsture absorption of potassium acetate to measure the

amount of movement of moisture vapor to thereby quantify
the degree of resistance of the gas diffusion layer
member to the movement of moisture vapor. For the

molsture vapor transmission rate according to the present

invention, a modified method of the B-2 method described

1n JIS L 1099:2006 was employed to make it suitable for

measurement of a hard gas diffusion layer member (see

FIG. 3). Two sheets of about 13 um thick

L]

polytetrafluorocethylene (ePTFE) film having a microporous

structure of a porosity of about 80% were used. Further,
the water temperature was made 23°C.
(00581 (Fabrication of base material)

—

1) Sample A: Carbon fiber made of acrylonitrile

p_—

Fi1ber

(made by Toray, Torayca® T300) and polyvinyl alcohol

staple fiber (made by Kuraray, Vinylon) were mixed by a

F

mass ratio of 100:25 to fabricate basis weight 30 g/m2

carbon fiber paper. Next, the carbon fiber paper was
impregnated with a phenol-based resin (made by Sumitomo

Bakelite, product name SUMILITE RESIN PR-912) to 65 g/m°,

then two sheets were stacked and pressed by a flat heat

press at 250°C, then carburized in an 1nert gas (nitrogen)

atmosphere at 2000°C to obtain a thickness 203 um, density
0.42 g/cm’ carbon paper.

2 ) Sample B: The same procedure was performed except

for adjusting the basis weight of the carbon fiber paper
of the Sample A to 30 g/n@ and adjusting the amount of

impregnated resin to 60 g/n@ to thereby obtain carbon

P

paper of a thickness of 211 um and a density of 0.37

g/cm’.

3) Sample C: The same procedure was performed except

for adjusting the basis weight of the carbon fiber paper

P

of the Sample A to 24 g/m° and adjusting the amount of

impregnated resin to 48 g/m“ and, furthermore, suitably
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adjusting the press compression to thereby obtain carbon

P

paper of a thickness of 163 um and a density of 0.38

g/cm’.

4) Sample D: The same procedure was performed except

"

for adjusting the basis weight of the carbon fiber paper

of the Sample A to 24 g/n@ and adjusting the amount of
impregnated resin to 54 g/n@ and, furthermore, suitably

adjusting the press compression to thereby obtain carbon

F F

paper of a thickness of 147 um and a density of 0.47

g/cm’.

[

J) Sample The same procedure was performed except

F
p—

for adjusting the basis weight of the carbon fiber paper

ﬁ

of the Sample A to 24 g/m° and adjusting the amount of

impregnated resin to 38 g/m° and, furthermore, suitably

adjusting the press compression to thereby obtain carbon

P

paper of a thickness of 150um and a density of 0.35 g/cm3.

o) Sample F: The same procedure was performed except

for adjusting the basis weight of the carbon fiber paper

pr— po—

of the Sample A to 30 g/nf and adjusting the amount ot

impregnated resin to 27 g/n@ and, furthermore, suitably

adjusting the press compression to thereby obtain carbon

ﬁ

paper of a thickness of 127 um and a density of 0.31

g/cm’.

7) Sample G: The same procedure was performed except

for adjusting the basis weight of the carbon fiber paper

#

of the Sample A to 52 g/n? and adjusting the amount of

impregnated resin to 47 g/m“ and, furthermore, suitably

adjusting the press compression to thereby obtain carbon

g—

paper of a thickness of 190 um and a density of 0.31

g/cm’.

8 ) Sample H: The same procedure was performed except

F

for adjusting the basis weight of the carbon fiber paper

F

of the Sample A to 52 g/m° and adjusting the amount of

impregnated resin to 47 g/n@ and, furthermore, suitably

adjusting the press compression to thereby obtain carbon

paper of a thickness of 160 um and a density of 0.38
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g/cm’.

9) Sample I: The same procedure was performed except

g

for adjusting the basis weight of the carbon fiber paper

p— -

of the Sample A to 52 g/ﬁ@ and adjusting the amount of

impregnated resin to 47 g/m° and, furthermore, suitably

adjusting the press compression to thereby obtain carbon

paper of a thickness of 169 um and a density of 0.35
g/cm’.

10) Sample J: The same procedure was performed except
for adjusting the basis weight of the carbon fiber paper

P

of the Sample A to 34 g/m° and adjusting the amount of

impregnated resin to 31 g/m“ and, furthermore, suitably

adjusting the press compression to thereby obtain carbon

ﬁ

paper of a thickness of 138 um and a density of 0.33

g/cm’.

11) Sample K: The same procedure was performed except
for adjusting the basis weight of the carbon fiber paper
of the Sample A to 34 g/m° and adjusting the amount of
1mpregnated resin to 38 g/nF and, furthermore, suitably

adjusting the press compression to thereby obtain carbon

paper of a thickness of 168 um and a density of 0.30
g/cm’.

12) TGP-H-060: Toray fuel cell-use electrode base
material TGP-H-060

13) TGP-H-090: Toray fuel cell-use electrode base
material TGP-H-090

14) TGP-H-120: Toray fuel cell-use electrode base
material TGP-H-120

The thickness and density of the carbon paper (base

material) are shown in the following Table 1.
[0059] (Water repellency treatment of base material)
An aqueous dispersion of PTFE (product name: DI1-E,

made by Daikin Industries) was diluted by water to adjust

the PTFE concentration to 5%. Different samples of carbon
paper having various thicknesses and densities were

dipped 1nto and then pulled out from the treatment
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solution. The excess treatment solution on the surface of

the carbon paper was wiped off, then the paper was dried

at 150°C for 1 hour, then was heat treated at 350°C for 2
hours to obtain a water repellent gas diffusion layer
member (water repellent base material). Each water
repellent base material was measured for thickness,
density, gas transmission rate, penetration resistance,

and moisture vapor transmission rate. The results are

shown 1n the following Table 1.

[0060] (Fabrication of humidity adjusting film)
Acetylene black (conductive carbon powder) was

poured 1nto water slowly so as to prevent aerial

dispersion. This was stirred by a stirring rod to get the

water absorbed 1in the acetylene black. Next, a

homogenlzer was used to stir and disperse the acetylene

black to prepare an aqueous dispersion of acetylene

black. To this aqueous dispersion of acetylene black, a

predetermined amount of an aqueous dispersion of PTFE

(product name: D1-E, made by Daikin Industries) was
added. The result was slowly stirred by a stirring
machine to prepare a uniform mixed dispersion. Next, the

P

speed of the stirring machine was 1ncreased to make the

PTFE and acetylene black coprecipitate. The coprecipitate

was collected by filtration and thinly spread on a

stainless steel bat, then dried by a 120°C dryer for one
day and night so as to obtain a mixed powder of acetylene
black (conductive carbon powder) and PTFE. To this mixed

powder, as a processing ald, a mineral spirit (made by

Idemitsu Kosan, product name: IP Solvent 1016) was added.

The result was pelletized by a preformer, the pellets

were extruded by an extruder to a tape shape, then this

was rolled to a film using two rolls. Furthermore, the

film was rolled by the two rolls several times to adjust

the film 1in thickness and density. The rolled film was
dried in a 200°C dryer for 8 hours to expel the mineral

spirlit, then was heat treated at 350°C for 5 minutes to
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obtaln a humidity adjusting film. The obtained humidity

adjusting film had a mass ratio of acetylene black and

PTE

R

|

of 70/30, an average thickness of 60 pum, a moisture

P

vapor transmission rate of 3600 g/m‘hr, and a penetration

resistance of 8.6 mQcm?.

F
-

[0061] (Fabrication of gas diffusion layer member)

The above humidity adjusting film and the above

water repellent base material were superposed so as to

prevent wrinkles, then were pressed by two rolls which

were heated to 300°C to thereby obtain a stacked type gas

bl

diffusion layer member.

Each gas diffusion layer member

was measured for penetration resistance and moisture

vapor transmilission rate.

el

"ollowing Table 1.
[0062]

The results are shown 1in the
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[0003] (Fabrication of unit cell)

PRIMEA® (made by Japan Goretex) obtained by forming

P

a catalyst layer containing 0.3 mg/cm® of platinum on the

two surfaces of a thickness 20 um Japan Goretex product

GORE-SELECT® was used as a membrane electrode assembly.

The above stacked type gas diffusion layer members were
arranged at the two sides of the above membrane electrode
assemply so that the humidity adjusting films contacted
the catalyst layers. Furthermore, a gasket was superposed

—

over the outer circumference of polymer electrolyte

F

membrane, then a pair of graphite separators in which gas

channels were formed were used to clamp this from the two
sides. Next, this was clamped by two stainless steel end

plates provided with current collectors so as to

fabricate a unit cell.
(0064 ] (Power generation test)

Hydrogen gas and air were supplied to each obtained
unit cell and the cell temperature and humidification

rate of the gas were changed so as to change the RH in

the cell. Specifically, by making the cell temperature

60°C and by making the humidification rate of hydrogen/air
(RHin) 100RH%, the RH in the cell during power generation

(RHout) became 225%, by making the cell temperature 70°C

g

and by making the humidification rate of hydrogen/air

04RH%, the RH 1n the cell became 144%, by making the cell

temperature 80°C and by making the humidification rate of

hydrogen/air 42RH%, the RH in the cell became 92%, and by

making the cell temperature 95°C and by making the

humidification rate of hydrogen/air 24RH%, the RH in the

cell became 52%. Note that the temperature of the

humidifying tank was made 60°C at both the anode side and

the cathode side. The current-voltage curve (IV curve)
was measured under each of the above operating conditions
and the current density at 0.6V was calculated. The

results are shown in Table 2.
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[0065] Table 2. Power Generation Performance

Current density|Current density|Current density|[Current density
(mA/cm?) (mA/cm’) (mA/cm”) (mA/cm’)

@0 .6V-RHout225%{@0.06V-RHout144%| @0.6V-RHout92% | @0.6V-RHout52%
2| B [ 127 ] 1248 | 1512 863
4 b [ Tis0 | iaes | 1404 | Ber
I I S V- T2 A V- S A 5 AN Y S
8| H 1 1326 [ 1499 | 1473 | 815
o | 1 | 1ees [ 1ss0 | is3s | se6

E

117 L
[00606] The relationship between the moisture wvapor

transmission rate of the gas diffusion layer member
(MVTR) and the gas transmission rate of the water
repellent base material of Table 1 and the current

density of Table 2 was shown in FIG. 4 as a scatter plot

matrix. As clear from FIG. 4, there is a correlation
between the MVTR and the power generation performance
(current density at 0.6V), but no correlation 1s seen
between the gas transmission rate and the power
generation performance. Further, the high RH condition
and the low RH condition are basically contradictory
operating conditions, but with an MVTR of 1300 to 2000
g/m°/h, in particular 1300 to 1800 g/m‘/h in range, the
power generation performance became high under both high
RH (225%) and low RH (92%) conditions.

Industrial Applicability

[0067] The gas diffusion layer member according to the
present 1nvention enables superior power generation
performance under both high RH and low RH operating

conditions, so can be advantageously used particularly in

fuel cells with large load fluctuations and compact fuel

cells i1n which low humidification operation is possible.

Reference Signs List

[00068]10 polymer electrolyte membrane
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20, 21 catalyst layers

30, 31 humidity adjusting films

40, 41 gas permeable conductive base materials
50 fuel gas channel

51 oxygen-containing gas channel

60, 61 separators

100, 101 humidity adjusting films with electrode function
110, 111 stacked type gas dif

‘usion layer members

Ll

120, 121 gas diffusion layers with electrode functions
130, 140 membrane electrode assemblies

150 1ntegral gas diffusion layer type membrane electrode

assemply
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CLAIMS

Claim 1. A gas diffusion layer member for a solid

polymer type fuel cell use comprising a sheet-shaped gas

permeable conductive base material having a thickness of

100 to 250 um in range, characterized in that a moisture

vapor transmission rate by the measurement method defined
in JIS L 1099:2006 is 1300 to 2000 g/m“/h in range.

Claim 2. A gas diffusion layer member as set forth in

claim 1, wherein said moisture vapor transmission rate 1is

1300 to 1800 g/m°/h in range.

Claim 3. A gas diffusion layer member as set forth in

claim 2, wherein said moisture vapor transmission rate 1is
1450 to 1650 g/m“/h in range.

Claim 4. A gas diffusion layer member as set forth in

any one of claims 1 to 3, wherein a penetration
resistance determined by the four-terminal method (1 kHz

AC, pressure between terminals 981 kPa, room temperature)

is not more than 15 mQcm®.

Claim 5. A gas diffusion layer member as set forth 1in

any one of claims 1 to 4, whereln said gas permeable

conductive base material has a thickness of 125 to 215 um

ln range.

Claim 6. A gas diffusion layer member as set forth in

any one of claims 1 to 5, wherein said gas permeable
conductive base material has a density of 0.22 to 0.47

g/cm’ in range.

Claim 7. A gas diffusion layer member as set forth 1in
any one of claims 1 to 6, whereln said gas permeable

conductive base material 1ncludes carbon paper which 1is

treated for water repellency.
Claim 8. A gas diffusion layer member as set forth in
any one of claims 1 to 7, wherein a microporous layer

(MPL) 1s further stacked.

Claim 9. A gas diffusion layer member as set forth in
claim 8, wherein said MPL 1s a humidity adjusting film

including a conductive carbon powder and
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polytetrafluoroethylene.

Claim 10. A solid polymer type fuel cell comprising a

membrane electrode assembly (MEA) having provided on at

pr—

least one side thereof a gas diffusion layer member as

set forth in any one of claims 1 to 9, the MEA comprising

a polymer electrolyte membrane having bonded to one side

thereof a catalyst layer for anode and to the opposite

P

side thereof a catalyst layer for cathode.

Claim 11. A solid polymer type fuel cell as set forth in

claim 10, where said gas diffusion layer member is

provided on the cathode side of said MEA.
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