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A porous electrode substrate for an electrochemical fuel cell comprises at least one preformed web having low or poor electrical
conductivity (e.g. having a through—plane resistivity of greater than 1 ohm.cm). The web contains an electrically conductive filler. A

I method for preparing a porous electrode substrate for an electrochemical fuel cell comprises the step of filling a preformed web, the web
having low or poor electrical conductivity, with an electrically conductive filler.
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POROUS ELECTRODE SUBSTRATE
FOR AN ELECTROCHEMICAL FUEL CELL

Field Of The Invention

This invention relates generally to
electrochemical fuel cells and, more particularly,
to an electrochemical fuel cell with a porous
electrode substrate layer comprising a preformed
web having low electrical conductilivity and an

electrically conductive filler.

Background Of The Invention

Electrochemical fuel cells convert fuel and

oxidant to electricity and reaction product. Solid
polymer electrochemical fuel cells generally employ

a membrane electrode assembly ( MEA'') comprising a

solid polymer electrolyte or i1on exchange membrane
disposed between two electrode layers or substrates

formed of electrically conductive sheet material.

The electrode substrate has a porous structure

which renders it permeable to fluid reactants and
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products 1in the fuel cell. The MEA also includes

an electrocatalyst, typically disposed in a layer

at each membrane/electrode layer interface, to

induce the desired electrochemical reaction in the
fuel cell. The electrodes are electrically coupled

to provide a path for conducting electrons between

the electrodes through an external load.

At the anode, the fluid fuel stream moves through

the porous anode substrate and 1s oxidized at the
anode electrocatalyst. At the cathode, the fluid
oxidant stream moves through the porous cathode
substrate and 1s reduced at the cathode
electrocatalyst.

In electrochemical fuel cells employing
hydrogen as the fuel and oxygen as the oxidant, the
catalyzed reaction at the anode produces hydrogen
cations (protons) from the fuel supply. The ion
exchange membrane facilitates the migration of
protons from the anode to the cathode. In addition
to conducting protons, the membrane isoclates the
hydrogen-containing fuel stream from the
oxygen-containing oxidant stream. At the cathode
electrocatalyst layer, oxygen reacts with the
protons that have crossed the membrane to form
water as the reaction product. The anode and

cathode reactions in hydrogen/oxygen fuel cells are
shown in the following equations:

Anode reaction: H, » 2H" + 2¢°

Cathode reaction: 1/20, + 2H® + 2e” -» H,0

In electrochemical fuel cells employing
methanol as the fuel supplied to the anode

(so-called "direct methanol" fuel cells) and an
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oxygen-contailning oxidant stream, such as air (or
substantially pure oxygen) supplied to the cathode,
the methanol is oxidized at the anode to produce
protons and carbon dioxide. Typically, the
5 methanol 1s supplied to the anode as an aqueous

solution or as a vapecr. The protons migrate
through the ion exchange membrane from the anode to
the cathode, and at the cathode electrocatalyst
layer, oxygen reacts with the protons to form

10 water. The anode and cathode reactions in this

type of direct methanol fuel cell are shown in the

following equations:

Anocde reaction: CH,OH + H,0 - 6H®' + CO, + 6e-
15 Cathode reaction: 3/20, + 6H' + 6e° - 3H,0

In electrochemical fuel cells, the MEA is
typically interposed between two separator plates
or fluid flow field plates (anode and cathode

20 plategs). The plates typically act as current
collectors and provide support to the MEA. Fluid
flow field plates typically have channels, grooves

or passageways formed therein to provide means for

access of the fuel and oxidant streams to the
25 porous anode and cathode layers, respectively.

The porous electrode substrate material is
electrically conductive to provide a conductive
path between the electrocatalyst reactive sites and
the current collectors. Materials commonly used as

30 electrode substrate materials in solid polymer
electrochemical fuel cells include:

(a) carbon fiber paper;

(b) woven carbon fabric - optiocnally filled

with carbon particles and a binder;
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(c) metal mesh or gauze - optionally filled

wlth carbon particles and a binder.

Thus typical electrode substrate materials are
preformed, highly electrically conductive,
macroporous sheet materials which may contain a
particulate electrically conductive material and a
binder.

For electrode substrates comprising a
macroporous sheet material (hereinafter referred to
as a "web") filled with electrically conductive
materlials, the web need not be highly electrically
conductive and in fact may be an electrical
lnsulator. Electrode substrates which are made
from filled, poorly electrically conductive webs
have performance characteristics in fuel cells
approaching those of conventional substrates.
However, the use of preformed webs which are made
from poorly conducting or insulating materials in
the electrode substrate can offer offsetting
advantages such as reduced cost, improved chemical
compatibilility and resistance to degradation and
corrosion 1n fuel cell operation, improved
mechanical properties including strength,
durability and dimensional stability, and improved

manufacturability.

Summary Of The Invention
A porous electrode substrate for an

electrochemical fuel cell comprises at least one
preformed web having low electrical conductivity,
the web containing an electrically conductive
filler.

In one embodiment the porous electrode

substrate comprises at least two preformed webs,
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and the substrate 1s a multi-layer structure.

The web comprises a macroporous sheet
material, such as, for example a woven fabric, a
non-woven fabric, or a mesh (a continuous sheet of
substantially non-porous material which has been
perforated). "Macroporous" as used herein
indicates that the web has pores or voids therein
which preferably have dimensions greater than
approximately 10°* m. The bulk porosity of the web
is preferably greater than 60% and more preferably
greater than 80%.

In a preferred embodiment the web is a
non-woven fabric comprising carbon fibers and a
binder. Examples of suitable low conductivity
carbon fiber mats include non-graphitized
materials, such as those available from Technical

Fibre Products, Kendal, UK in the Optimat 203
Series.

The web having low electrically conductivity
may be an electrical 1insulator. In a first
preferred embodiment the preformed web comprises
glass fibers, for example, the web is a non-woven
glass fiber mat. In a second preferred embodiment

the preformed web consists essentially of a

polymeric material. Preferred polymeric materials
include polyolefins such as, for example,
polyethylene or polypropylene, nylon and
polyparaphenylene terephthalamide (Kevlar®). a

particularly preferred polymeric material 1is
polytetrafluoroethylene (PTFE).

In one embodiment of a porous electrode
substrate for an electrochemical fuel cell, the
substrate comprising at least one preformed web

having low electrical conductivity containing an
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‘electrically conductive filler, the electrically

conductive filler does not comprise electrocatalyst
for promoting the electrochemical reaction in the
fuel cell. In this embodiment, the electrocatalyst
necessary in a solid polymer fuel cell MEA is
typically disposed at the interface of the membrane
electrolyte and porous electrode substrate, for
example, by deposition on the surface of the
membrane electrolyte and/or on the surface of the

electrode substrate.

In an alternative embodiment of a porous
electrode substrate the electrically conductive
filler comprises electrocatalyst for promoting the
electrochemical reaction 1in the fuel cell. In a
preferred aspect of this embodiment the
electrically conductive filler further comprises an
ionomer.

In another embodiment of a porous electrode
substrate, the electrically conductive filler
comprises a catalyst for promoting a chemical
reaction (other than the electrochemical fuel cell
reaction), such as, for example, selective
oxidation of carbon monoxide.

Preferred non-catalytic components of the
filler include carbon particles, such as carbon
blacks or graphite particles, and boron carbide.
These and other particulate components of the
filler may be various forms including powders,
flakes and fibers.

Preferably the electrically conductive filler
comprises a binder to bind particulate components
of the filler together and to retain the filler in

the web. Polytetrafluorcethylene is a suitable
binder.

. « o g s T b IR AR AN ) gt N L] - U W O S By - iy o |



‘ & o | i i AR v v i ade Y N

WO 98/27606

10

15

20

25

30

A S d e R | A R b 00 SN U ¢ S ARSI SONTRLLOK MDA G AR LA S Cade | me W - font 1dada® 3. v R

CA 02274975 1999-06-15

PCT/CA97/00359

The composition of the filler and the extent
to which the web 1s filled with the filler is

selected so© that the electrode substrate is

suitably porous and permeable to the fuel cell
reactants and products, but has adequate electrical
conductivity. The terms "filled" and "filling", as
used herein, indicate that a substantial portion of
the pores or voids of the web material are to
contain the filler material, i.e., some filler is

present 1n the thickness of the web, not just as a

surface coating.

A method for preparing a porous electrode
substrate for an electrochemical fuel cell
comprises the step at least partially filling a
preformed web with an electrically conductive
filler. The web 1s of low electrical conductivity

oY 1is an electrical insulator.

In one embodiment of the method, perforations
are formed i1n the preformed web prior to the
filling step. The size of the perforations is
preferably larger than the average pore size of the

preformed web.

In another embodiment ¢©f the method, the
preformed web 1s cocated with a hydrophillic coating
prior to the filling step. 1In yet another
embodiment of the method the preformed web is
coated with a hydrecphobic coating prior to the
filling step. The hydrophobic coating preferably
comprises polytetrafluoroethylene.

Coating the preformed web with a hydrophobic
or a hydrophillic material can offer advantages,
such as, for example, 1mproved water and other
fluid transport properties in the electrode

substrate which can enhance fuel cell performance.
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Use of a hydrophobic coating can result in improved
electrocatalyst utilization, as there is less
tendency for an electrocatalyst ink applied to the
surface of the filled substrate to soak into the
substrate, and therefore more of the catalyst is

retained at the membrane/electrode substrate

interface.

Preferably the electrically conductive filler
comprises a binder and the method optionally
further comprises the step of heat treating the
electrode substrate after the filling step.

The temperature at which the electrode
substrate 1s heat treated i1s preferably selected to
be above the softening point of the binder, so that
the binder at least partially melts and binds the

electrically conductive material together and to
the web.

Various techniques may be used to fill the
preformed web with electrically conductive filler,
including, but not limited to, roll-coating and
screen-printing.

In a method of preparing a multi-layer porous

electrode substrate the method comprises the steps
of:

(a) £filling at least two preformed webs, the
webs of low electrical conductivity, with
an electrically conductive filler;

(b} laminating the at least two filled webs
together.

Steps (a) and (b) are preferably performed
consecutively.

The lamination step may further comprise
stacking the at least two filled webs and applying

pressure and temperature, whereby a consolidated
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multi-layer electrode substrate is formed.

Brief Description Of The Drawings

FIG. 1 is an exploded side view of a typical
solid polymer electrochemical fuel cell showing an
MEA interposed between two flow field plates.

FIG. 2A 1s a slde sectional view of a porous
electrode substrate comprising a non-woven, poorly
electrically conductive or electrically insulating
web containing an electrically conductive filler.

FIG. 2B 1is a side sectional view of a porous
electrode substrate comprising a woven, poorly
electrically conductive or electrically insulating
web containing an electrically conductive filler.

FIG. 3 is a side sectional view of an MEA
comprising a membrane electrolyte interposed
between two porous electrode substrates, with a
layer of electrocatalyst disposed at each
membrane/electrode substrate interface.

FIG. 4 1s a side sectional view of a
multi-layer porous electrode substrate comprising
two laminated layers, each layer comprising a
woven, poorly electrically conductive or
electrically insulating web containing an

electrically conductive filler.

FIG. 5 1s a side sectional view of a porous
electrode substrate comprising a perforated, poorly
electrically conductive or electrically insulating
web containing an electrically conductive filler.

FIG. 6 is a side sectional view of a porous
electrode substrate comprising a poorly
electrically conductive or electrically 1lnsulating
web, wherein the web 1s a mesh containing an

electrically conductive filler.
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FIG. 7 is a plot of voltage as a function of

current density in an electrochemical fuel cell
employing, 1n one test, a cathode substrate made by

filling a poorly conducting carbon fiber mat with

carbon black and PTFE binder and, in a comparative

test, a conventional catalyzed carbon fiber paper

cathode substrate.
FIG. 8 is a plot of voltage as a function of
current density in an electrochemical fuel cell

employing, 1n one test, a cathode substrate made by

filling an electrically insulating glass fiber mat

with carbon black and PTFE binder and, 1n a

comparative test, a conventional catalyzed carbon

fiber paper cathode substrate.

FIG. 9 1is a plot of voltage as a function of

current density in an electrochemical fuel cell
employing, in one test, a cathode substrate made by
filling an electrically insulating, expanded PTFE
mesh with carbon black and a copolymeric binder

and, in a comparative test, a conventional

catalyzed carbon fiber paper cathode substrate.

Detailed Description Of The Preferred Embodiments

FIG. 1 illustrates a typical solid polymer
fuel cell 10. Fuel cell 10 includes an MEA 12

consisting of an l1on exchange membrane 14

interposed between two porous, electrically

conductive electrode substrates, namely, an anode

substrate 16 and a cathode substrate 17. In the
illustrated fuel cell, each substrate has a thin

layer of electrocatalyst 20, 21 disposed at the

interface with the membrane 14. The MEA 1s
interposed between anode flow field plate 22 and
cathode flow field plate 24. Anode flow field
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plate 22 has at least one fuel flow channel 23
formed in its surface facing the anode substrate,
and cathode flow field plate 24 has at least one
oxidant flow channel 25 formed in its surface

5 facing the cathode substrate. When assembled
against the cooperating surfaces of the electrode
substrates 16 and 17, channels 23 and 24 form
reactant flow field passages for the fuel and
oxidant, respectively.

10 FIG. 2A illustrates a porous electrode
substrate 30 comprising a preformed non-woven web
shown as a network of interlocking fibers 32, which
are optionally held together by a binder (not
shown). The web is poorly electrically conductive

15 or 1s electrically insulating, and contains
particulate electrically conductive material 34 and
optionally a binder (not shown) to retain the
particulate material in the web. The particulate
electrically conductive material preferably

20 comprises carbon, and optionally further comprises
an electrocatalyst and/or other catalytic material.

FIG. 2B illustrates a porous electrode
substrate 40 comprising a preformed woven web shown
ags a fabric of cross-woven fibers 42. The web 1s

25 poorly electrically conductive or 1s electrically
insulating, and contains particulate electrically
conductive material 44 and optionally a binder (not
shown) to retain the particulate material 1n the
web.

30 FIG. 3 illustrates an MEA 50, comprising a
membrane electrolyte 51 1nterposed between an anode
substrate 52 and a cathode substrate 56. Anode
substrate 52 comprises a preformed non-woven web

shown as a network of interlocking fibers 53, which
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are optiocnally held together by a binder (not

shown). The web 1s poorly electrically conductive
or 1s electrically insulating, and contains
particulate electrically conductive material 54 and
optionally a binder (not shown) to retain the
particulate material 1n the web. Similarly cathode
substrate 56 comprilises a preformed non-woven web
shown as a network of interlocking fibers 57, which
are optilonally held together by a binder (not
shown). The web 1s poorly electrically conductive
or 1s electrically i1nsulating, and contains
particulate electrically conductive material 58 and
a binder (not shown) to retain the particulate
material 1n the web. 1In this embodiment the
particulate electrically conductive material does
not 1nclude electrocatalyst. A layer of
electrocatalyst 55 and 59 is disposed at the
membrane/anode substrate interface and the
membrane/cathode substrate interface respectively.

FIG. 4 1llustrates a multi-layer porous
electrode substrate 60 comprising two laminated
layers 6€2a and 62b, each layer comprising a
preformed woven web shown as a fabric of woven
fibers 62. The web 1s poorly electrically
conductive or 1s electrically insulating, and
contains particulate electrically conductive
material 64 and optionally a binder (not shown) to
retain the particulate material in the web.

This type of laminated multi-layer electrode
substrate can offer advantages. It may be possible
to improve the electrical conductivity of the
substrate because thinner web layers are more
easily filled throughout their thickness with the

electrically conductive material and binder, and
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they can then be stacked to give the desired
thickness of electrode substrate. Also, the
multi-layer substrate can contain layers comprising
webs made of different materials or having
different structures, and/or layers containing
fillers of compositions. Thus, the composition and
properties of the substrate can be readily varied
in the through-plane direction.

FIG. S 1llustrates a porous electrode
substrate 70 comprising a perforated preformed
non-woven web shown as a network of interlocking
fibers 72, which are optionally held together by a
binder (not shown), with perforations 73 extending
through the thickness of the web. The web is
poorly electrically conductive or 1s electrically
insulating. The voids in the web, including the
perforations contain particulate electrically
conductive material 74 and optionally a binder (not
shown) to retain the particulate material in the
web.

Perforating the web material pricr to filling
it with conductive material can 1lncrease the
electrical conductivity of the final electrode
substrate. The diameter of the perforations 1is
preferably larger than the average pore diameter of
the web material.

FIG. 6 illustrates a porous electrode
substrate 80 comprising a web, wherein the web 1i1s a
mesh 82. The web contains particulate electrically
conductive material 84 and optionally a binder (not
shown) within its perforations. The web 1s poorly
electrically conductive or 1s electrically
insulating. Suitable plastic (insulating) mesh

materials of this type are available from Exmet
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Corporation, Naugatuck, CT, for example PTFE meshes

in various mesh sizes from approximately 5*10°¢ m
to 2.5*%107° m.

The in-plane and through-plane electrical
conductivity of the electrode substrate is an
important factor in fuel cell performance.
Satisfactory electrical conductivity can be
obtained for an electrode substrate comprising a
low conductivity or insulating web containing an
electrically conductive filler. A highly
conductive web component 1s not required.

As used herein, the terms "low electrical
conductivity" and "poorly electrically conductive®
are used interchangeably. 1In general, a web
material 1s very poorly conductive when its
through-plane resistivity is greater than
approximately 10 Q*cm. Web materials having

through-plane resistivitiles greater than

approximately 1 Q*cm are generally considered to be
poorly conductive.

Table 1 shows approximate values for the
specific resistance (at 20°C) of materials commonly
used in preformed webs 1n electrode substrates.
Table 2 shows approximate values for the specific
resistance (at 20°C) of some of the electrically
insulating materials found to be suitable for use

in preformed webs in electrode substrates.

TABLE 1
Carbon (black) 10"t Q*cm

Carbon (graphite) 107° Q*cm
Metals < 1077 Q*cm
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TABLE 2
Glass 10 Q*cm
Folyethylene, polypropylene > 10* Q*cm
Polytetrafluorocethylene 10*° Q*cm

Table 3 shows speciflc resistivity measured in
the through-plane direction, using the methecd
described below, for conventiocnal elactrode
substrate materials (carbon fiber paper and carben

ClOth)r
2lectrode substrates prepared by filling a pocorcly

a non-woven carbon filber mat and

(unfilled)
conducting web or insulating web with an
electrically conductive material and binder
(Shawinigan carbon black and PTFE binder).
Apprcximate values for the area density of the web,
the percentage by weight of PTFE binder in the
¢lectrically conductive £ill, and the area loading

Table 3
illuatrates that electrode substrates incorpcrating

©f carbecn are included ir Tablas 3.

a poorly conducting or insulating web can be made
which have through-plana electrical resistivity
comparible to those of conventional electrode
supbstrate materials. It has keen found that the
unfilled ncn-woven carbon fiber mat is not
sufficiently conductive to give satisfactory
performance in a fuel cell.

TABLE 3
Area JTPE Through-
Thickness loading of contant plane
m carbon of £:11 regigtivity
ng/cm? § wt Qrcm
Carbecn fiber 285 - - - 0.17
paper
Carbon cloth 179 2.65 - - 0.21

(115 g/m’)
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Non-woven carbon 109 -- - - 2.27
fiber mat

(17 g/m?)

Non-woven c¢arbon 79 1.7 | £.7% .78
fibaer mat

(17 g/m?)

Glasa £iber mat 157 5.7 5% 0.56
(L7 g/m’)

PTFE xeah S0 3 6% 0.32
(EXHBT 2TF6-4/0)

The through-plane resistivity values reportad
in Table 3 were determined as follcws: 3amples of
the materials were placed betwean a pair of gold
blccka (area 6.17 cm®) with an applied pressure of
41 pal (282.7 RKN/m?. A current of 3 amps was passeaed
through the material and the voltage drop between
the blocks was measuzred. Both through-plane
resistance and contact resistance contribute £o the
value determined by this methed.

The fcocllowing examples are for purposea of
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illustration and are not intended to limit the

invention. The examples describe the preparation of
electrode substrates and compare the results
obtained in tests employing those electrode
substrates versus conventional electrode substrates

in an electrochemical fuel cell.

EXAMPLE 1
A porous electrode substrate was prepared as
follows: a paste was prepared by mixing Shawinigan
carbon and an aqueous suspension of PTFE binder (to
give 6% PTFE by weight of solids). The paste was

spread on and pressed into the pores of a sheet of

non-woven carbon fiber mat (Optimat 203, 17 g*m™
from Technical Fibre Products, Kendal, UK). The
substrate was pressed at 500 psi (3447.4 kN/m?) for

two minutes, and then placed between two niobilium

sheets in an oven where the temperature was raised
slowly to 340°C and held for 15 minutes. The
substrate contained 6.2 mg*cm™ carbon. The layer of
electrocatalyst (40% platinum on carbon) was

deposited on one face of the substrate, and the

catalyzed substrate was incorporated as the cathode

in a consolidated MEA with a conventional anode

(electrocatalyst layer on carbon fiber paper) and

™

Nafion ™ 115 ion exchange membrane. The MEA was

placed between two flow field plates and tested in a
fuel cell assembly. FIG. 7 shows a polarization

plot of voltage as a function of current density

for the fuel cell employing the MEA prepared as
described above (plot A), and for a fuel cell
employing an MEA with conventional catalyzed carbon
fiber paper electrode substrates (plot B) with

approximately the same electrocatalyst loading
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under substantially the same operating conditions.

EXAMPLE 2
A porous electrode substrate was prepared by
filling a sheet of glass fiber mat (17 g*m
containing 10% by weight polyvinylalcohol binder
from Technical Fibre Products) with a paste of

Shawinigan carbon and an agueous suspension of PTFE
binder (to give 6% PTFE by weight of solids) as

described 1n Example 1. The substrate contained

4 .85 mg*cm® carbon. A layer of electrocatalyst
(40% platinum on carbon) was deposited on one face
of the substrate, and the catalyzed substrate was
incorporated as the cathode in a consolidated MEA
with a conventional anode (electrocatalyst layer on
carbon fiber paper) and a proprietary Dow ion
exchange membrane (Trade designation XUS 13204.10).
The MEA was placed between two flow field plates
and tested 1n a fuel cell assembly. FIG. 8 shows a
polarization plot of voltage as a function of
current density for the fuel cell employing the MEA
prepared as described above (plot C), and for a
fuel cell employing an MEA with conventional
catalyzed carbon fiber paper electrode substrates
(plot D) with approximately the same

electrocatalyst loading under substantially the

same operating conditions.

EXAMPLE 3
A porous anode substrate contalning a catalyst
for selective oxidation of carbon monoxide was
prepared by filling a sheet of glass fiber mat (17
¢ containing 10% by weight polyvinylalcohol
binder from Technical Fibre Products) with a paste

g*m
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~-O6f a supported platinum catalyst (20% on carbon),
Shawinigan carben and an aqueous suspension of PTFE
binder (to give 18% PTFE by weight of sclids) as
described in Example 1. The substrate contained
= approximately 0.25 mg*cm'® platinum and 3.3 mg*cm™
uncatalyzed caxbon. A layer of electroccatalyst
(20% platinum/10% ruthenium on carbon) was
depcoslited on one face on the substrate, and the
aubsgstrata wasg inceorporatad in a consolidated MEA
10 with a conventional cathode (electrocatalyst laver
on carbon fiber paper) and a proprietary Dow ion
exchange membrane (Trade designation XUS 13204.10).
The MEA was placed betwsen two £low field plates in
a fuel cell assembly, and gave satisfactcry
158 performance (comparable to that of a fual cell, with
a conventional catalyzed carbon Ifiber vaper anode
substrate with a selective oxidation catalyst laver
underneath the electrocatalyst layer) on air-
hydrcecgen, and alr-reformate (40 ppm carboen

20 monoxida) .

EXAMPLE 4
A porous electrode gubstrate was prepared as
follows: a paste was prepared by mixing Shawinigan
25 carben and an agqueous suspensgicon of FEP120 binder
(a flucrinated ethylene-propylene copolymer
available from DuPont, which sinters at a lower
temperature than PTFE, to give 40% FEP by welght of
solids.’ A sheet of expanded PTFE mesh (5TF6-4/0
30 from Bxmet Corporation) was prestretched laterally
by 18% in the expanded directiecn, and was than
filled as described in Example 1. The substrate was
pressed at 500 psi (3447.4 kN/m? for twe minutes, and

then placed between two nickium sheets in an oven where
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the temperature was raised slowly to 275°C and held
for 15 minutes. The substrate contained 8.5 mg*cm™

carbon. A layer of electrocatalyst (40% platinum

on carbon) was deposited on one face of the

substrate, and the catalyzed substrate was

incorporated as the cathode 1n a consolidated MEA

with a conventional anode (electrocatalyst layer on

TM

carbon fiber paper) and Nafion 115 ion exchange

membrane. The MEA was placed between two flow

field plates and tested in a fuel cell assembly.

FIG. 9 shows a polarization plot of voltage as a
function of current density for the fuel cell

employing the MEA prepared as described above (plot

E), and for a fuel cell employing an MEA with

conventional catalyzed carbon fiber paper electrode

substrates (plot F) with approximately the same

electrocatalyst loading under substantially the same
operating conditions.

Electrode substrates of the present invention
are particularly suitable for use 1in solid polymer

electrochemical fuel cells, but may also be used in

other types of electrochemical cells and fuel cells.
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“What is claimed is:

1. A membrane electrode agsembly £for an

electrochemical fuel cell, the assembly comprising

a pair of electrodes and an ion exchange membrane

W

interpcsed therebetween, at least one ¢f said
electrodeg comprising a porous electrcde subsgtrate

compriaing at least one preformed macrcporous web
having a through-plane resistivity of greater than

10 1 O*em, said at least one web containing an

alectrically conductive filler,

2. The membrane electrode assembly of c¢laim
1 wherein said at least one web has a tarcugh-plane

15 registivity cf greater than 10 U*cm.

3. The membrane electrode aszembly of claim

1 whereirn said at least one web 13 an alectrical

insulator.
20
4 . ™e membrane electrcde assembly of claim
1 wherein szaid at least cne web is a woven fabric.
5. The membrane electrode assembly oI claim
25 1 wherein sald at least one web is a non-wovern
fabric.
6. = The membrane electrode agsembly of claim
5 wherein said non-woven fabric comprises carbon
30 fibers and a binder.

7. The membrane electrode assembly ol claim
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6 wherein said non-woven fabric 1s rnon-graphitized

carben f£iber mat.

g. The membrane electrcde assembly of claim

1 wherein said at leaat one web 18 a mesh.

g. The membrane electrcde assembly of claim

1 wherein sald substrate comprizes at least two

preformed macrcporous weps, and said substrate 1s a

multi-layer stzucture.

10. The membrane electrode agsembly cf claim
9 wherein said substrate comprises a first web and
a second web, said first web substantially

identical to said second web.

11. The membrane elsctrodz assembly ol claim
wherein said substrate comprises a first web
containing a first electrically conductive £iller

and a seccnd web containing a second alectrically
conductive filler, said first fillier different in

o

compesition from sald second filler.

12. The membrane electrode assembly cf cla:im

1 wherein said at least one web comprises glass

fibers.

13. The membrane clectrods agssembly of claim

12 wherein said at least cne web is non-woven Jglaas

fibery mat.

14. The membrane electzode assembly of claim
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-E_wherein gaid at least cne wedp consgists

agsentially of a polymeric material.

15. The mexbrane electrode assembly of claim
14 wherein said at least one web consists
essentially of polytetrafluorcethylene.

16. The membrane electrode agsambly of claim
15 wherein said at least one webp is

polytetraflucroethylene mesh.

17. The membrane electrcde assembly of claim
14 wherein said at least one web consists
eggsentially of polyparaphenylene terephthalamilde.

13. The membrane electrode assembly cf <cliaim
14 wherein said at least one wep consiats

esgsentially of a polyolefin.

19. The membrane electrode assembly of claim
1 wherein said electrically conductive filler

comprises carbon particles,

20. The membrane electrcde assembly of claim
1 wherein said electrically conductive filler

comprises boron carbide.

21.;W The membrane electrcde assembly of claim
1 wherein said electrically cenductive fillar

comprises a catalyst,

22 . The membrane electrade assembly of claim

21 wherein said catalyst is an electrocatalyst.
Y
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- 23, The membrane elactrcde agsambly of claim
22 wherein said filler comprises an ionomer.

24 . The membrane electroda assémbly of claim
5 1 wherein said filler comprises s binder.
25. The membrane electrode asgambly of claim

24 wherein said binder comprises
polytetrafliucroethylene.

10
26. An electrochemical fuel cell comprising a

palr of electrically conductive separator plates
and the membrane electrode assembly of claim 1
lnterposed thersbetween.

15
27, The electrochanical fuel cell of claim 258

wherein each of said separator plates has at least
cne channal formed therein for introducing a

reaactant stream to one cf gaid slectrodag.

28, A method for preparing a membrane
electrode assembly for an electrochemical fuel
cell, the asgembly comprising a pair of elactrodes
and an ion exchange membrane interposged

25 therebetween, at least one of sald electrcdes
comprising a porcus electrode substrate, the method

compriging the steps of (a) forming said substrate
by filling a preformed macroporous web, said web

having a through-plane registivity of greater than
30 1 Q*cm, with an electrically ccnductive filler and

(b) comsolidating said electrode pair and said ion

exchange membrane into a unitary assembly.

29. The mathod o0f ¢laim 28 wherein said web
35
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is an electrical insulator.

30. The method of claim 28 wherein

perforations are formed in said wek prior to said

filling step.

31. The method of claim 28 wherein salid web
ig coated with a hydrophilic <¢cating priocr tc sald

£illing astep.

32, The method of claim 28 wherein said web
is ccated with a hydrovhobic coating prioxr to said

filling step.

33, The method of c¢laim 32 wherein said
hydrophobic coating comprises
poelytetrafluorcethylene,

34, The method of claim 28 whersin saild
alectrically ccnductive filler ccmprises a binder,

35. The method of claim 34 further comprising
che step of heat treating said electrode substrate

after said £illing step.

16. The method of c¢laim 28 wherein sald
£illing stap comprises roll-coating said web with
gaid elsctrically comnductive filler.

37. The method of claim 28 wherein said

£i1ling step comprises sc<reen-printing sa:id
slactrically cenductive filler on to szaid web.
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- 38. The method of claim 28 wherein said
consolidating step comprises applying heat and
pregaure to said electrode pvair and said icn
2xchange membrane.

ul

AMENDED SHEET

CA 02274975 1999-06-15

e tbutabal{Km P W 084 0T DM MO . 401 T mn b ol s e Ryl .MGUMMW~,*I“:‘:~AHHA~| Gy, srmme,  wm Tl at prems ate ae smadd
i e sy .mm:m«u-mxu.«rw;wunwmmﬁmmmmmmmmﬂw”«nwwm-sadnmnamm‘imwm:ﬁwmmnﬂmmmhmmww* frmean WIS EVAAI e}

Y

1

LR VS DY O SO SR

hd

1)



CA 02274975 2002-12-13

74

FIG. 1

|
LJLJLlrdyded
J

4

/
[
AR
N

22

BEREE
LJuJ L




51

CA 02274975 2002-12-13

32

FIG 3 57.

~a&§¢m M%m <

T T AR R R Y A T B B T R R T N A A S A T R DR L R, TV, R L Y2 .

“)
=

52

J



CA 02274975 1999-06-15

WO 98/27606 PCT/CA97/00359
3/4
FIG. 7

>
N\
s}
s B
<[ -
— >
O 06 :
S~ 0.6 .
:___jJ . A r '
— 05 L
v

0.4 -

0.3 —— e}

0 200 400 600 800 1000 1200
CURRENT DENSITY/mAcm ™2
FIG. 8

1.0 7

0.9

0.8 .
>
> 0.7
L
< 0.6
=
Q 05
— ]
— 0.4
L_J L

0.3

0.2 . -

0 200 4,00 600 800 1000 1200
CURRENT DENSITY/ASF

SUBSTITUTE SHEET (RULE 26)

' PN bl S AL L e i A AN | 1 3 3w el £ P sy LRGP et Bt S AL T P PR LT £ ST LS ety SR MWM‘MWMMMMWW“"'~"*”‘"""—""“’*m-'wmmmmn I B U YT A Ty i 18 At I S e ¢ e | s e m 3 T e L © o+ = fes e tet



CA 02274975 1999-06-15

WO 98/2°7606 PCT/CA97/00359
4/ 4
FIG. 9 ,
10 . -
- |
.\2 F
> (.8 -
AN - .
L) n
Lg L |
<L 0.6 E
—] r
S~
4 0.4
—
|
)
0.2 |
0.0 -

0 100 200 300 400 500 600 700 800
CURRENT DENSITY/ mAcm ™2

SUBSTITUTE SHEET (RULE 26)

FA D AT AR AL i a3 RN A Lt A ¢ 2ot L A L e A D e U Mol SRTIC. et sesees T T e de AR el ]

NN e dd e alivied - el Aty w iyl e i O NP LA AT Sowd (Y RV R Py Vs e ey e o e At



51

m%& s

—— e T
=11 53 52

J

59 f(/ ‘ 56)
\



	Page 1 - abstract
	Page 2 - abstract
	Page 3 - description
	Page 4 - description
	Page 5 - description
	Page 6 - description
	Page 7 - description
	Page 8 - description
	Page 9 - description
	Page 10 - description
	Page 11 - description
	Page 12 - description
	Page 13 - description
	Page 14 - description
	Page 15 - description
	Page 16 - description
	Page 17 - description
	Page 18 - description
	Page 19 - description
	Page 20 - description
	Page 21 - description
	Page 22 - description
	Page 23 - claims
	Page 24 - claims
	Page 25 - claims
	Page 26 - claims
	Page 27 - claims
	Page 28 - claims
	Page 29 - drawings
	Page 30 - drawings
	Page 31 - drawings
	Page 32 - drawings
	Page 33 - abstract drawing

