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METHOD AND APPARATUS FOR REDUCING REACTANT
CROSSOVER IN AN ELECTROCHEMICAL FUREIL CRLL

Field Of The Invention

The invention relates generally to

electrochemical fuel cells and, more particularly,
to a fuel cell with an electrode having catalyst
disposed within the volume between its major
surfaces. A method and apparatus for reducing
reactant crossover from one electrode to the other

in an electrochemical fuel cell is provided.

Background Of The Invention

Electrochemical fuel cells convert fuel and
oxidant to electricity and reaction product. Fluid
reactants are supplied to a pair of electrodes
which are in contact with and separated by an
electrolyte. The electrolyte may be a solid or a
liquid (supported liquid matrix). Solid polymer
electrochemical fuel cells generally employ a
membrane electrode assembly comprising a solid
ionomer or ion-exchange membrane disposed between
two planar electrodes. The electrodes typically
comprise an electrode substrate and an
electrocatalyst layer disposed upon one major
surface of the electrode substrate. The electrode
substrate typically comprises a sheet of porous,
electrically conductive material, such as carbon
fiber paper or carbon cloth. The layer of
electrocatalyst is typically in the form of finely
comminuted metal, typically platinum, and is

disposed on the surface of the electrode substrate
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at the interface with the membrane electrolyte in
order to induce the desired electrochemical
reaction. In a single cell, the electrodes are
electrically coupled to provide a path for
conducting electrons between the electrodes through
an external load.

At the anode, the fuel moves through the
porous anode substrate and is oxidized at the anode
electrocatalyst layer. At the cathode, the oxidant
moves through the porous cathode substrate and is
reduced at the cathode electrocatalyst layer.

Electrochemical fuel cells most commonly
employ gaseous fuels and oxidants, for example,
those operating on molecular hydrogen as the fuel
and oxygen in air or a carrier gas (or
substantially pure oxygen) as the oxidant. The
anode and cathode reactions in hydrogen/oxygen fuel

cells are shown in the following equations:

Anode reaction: H, -> 2H" + 2e°

Cathode reaction: 1/20, + 2H" + 2e° - H)0

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
isolates the hydrogen-containing gaseous fuel
stream from the oxygen-containing gaseous oxidant
stream. At the cathode electrocatalyst layer,
oxygen reacts with the protons that have crossed
t+he membrane to form water as the reaction product.

In liquid feed electrochemical fuel cells, one

or more of the reactants is introduced to the
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electrocatalyst in the liquid form. Examples of
electrochemical fuel cells which can be operated
with a liquid fuel feed are those employing a lower
alcohol, most commonly methanol, as the fuel
supplied to the anode (so-called "direct methanoln
fuel cells) and oxygen to the cathode. In fuel
cells of this type the reaction at the anode
produces protons, as in the hydrogen/oxyvgen fuel
cell described above, however the protons (along
with carbon dioxide) arise from the oxidation of
methanol. An electrocatalyst promotes the methanol
oxidation at the anode. The methanol may
alternatively be supplied to the anode as vapor,
but it is generally advantageous to supply the
methanol to the anode as a liquid, preferably as an
agqueous solution. In some situations, an acidic
agqueous methanol solution is the preferred feed to
the anode. The anode and cathode reactions in a
direct methanol fuel cell are shown in the

following equations:

Anode reaction: CH,0H + H,0 -» 6H' + CO, + 6e-
Cathode reaction: 3/20, + 6H' + 6e~ - 3H,0

Overall reaction: CH;OH + 3/20, -» CO, + 2H,O

The protons formed at the anode
electrocatalyst migrate through the ion-exchange
membrane from the anode to the cathode, and at the
cathode electrocatalyst layer, the oxidant reacts
with the protons to form water.

Other non-alcohol fuels may be used in ligquid
feed fuel cells, for example formic acid. The

oxidant may also be supplied as a liquid, for
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example, as an organic fluid with a high oxygen
concentration (see U.S. Patent No. 5,185,218), or

as a hydrogen peroxide solution.

In electrochemical fuel cells employing liquid

or solid electrolytes and gaseous or liquid

reactant streams, crossover of a reactant from one

electrode to the other is generally undesirable.

Reactant crossover may occur if the electrolyte i=s

permeable to the reactant, that is, some of a

reactant introduced at a first electrode of the
fuel cell may pass through the electrolyte to the
second electrode, instead of reacting at the first
electrode. Reactant crossover typically causes a
decrease in both reactant utilization efficiency
and fuel cell performance. Fuel cell performance
ig defined as the voltage output from the cell at a
given current density or vice versa; the higher the
voltage at a given current density or the higher
the current density at a given voltage, the better
the performance.

In solid polymer electrochemical fuel cells
the ion-exchange membrane may be permeable to one
or more of the reactants. For example, ion-
exchange membranes typically employed in solid
polymer electrochemical fuel cells are permeable to
methanol, thus methanol which contacts the membrane
prior to participating in the oxidation reaction
can cross over to the cathode side. Diffusion of
methanol fuel from the anode to the cathode leads
to a reduction in fuel utilization efficiency and
to performance losses (see, for example, S.
Surampudi et al., Journal of Power Sources, vol.47,
377-385 (1994) and C. Pu et al., Journal of the

Flectrochemical Society, vol. 142, L1l15-120
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Fuel utilization efficiency losses arise from
methanol diffusion away from the anode because some
of the methanol which would otherwise participate

5 in the oxidation reaction at the anode and supply
electrons to do work through the external circuit
is lost. Methanol arriving at the cathode may be
lost through vaporization into the oxidant stream,

or may be oxidized at the cathode electrocatalyst,

10 consuming oxidant, as follows:
CH.OH + 3/20, -» CO, + 2H)0

Methanol diffusion to the cathode may lead

to a decrease 1in fuel cell performance. The

15 oxidation of methanol at the cathode reduces the
concentration of oxygen at the electrocatalyst and
may affect access of the oxidant to the
electrocatalyst (mass transport issues). Further,
depending upon the nature of the cathode

20 electrocatalyst and the oxidant supply., the
electrocatalyst may be poisoned by methanol

oxidation products, or sintered by the methanol

oxidation reactiomn.
The electrode structures presently used in
25 direct methanol solid polymer fuel cells were
originally developed for hydrogen/oxygen fuel
cells. The anode electrocatalyst which promotes
the oxidation of methanol to produce protons is
typically provided as a thin layer adjacent to the
30 ion-exchange membrane (see U.S. Patent Nos.
5,132,193 and 5,409,785 and European Patent
Publication No. 0090358). The anode
electrocatalyst laver is typically applied as a
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coating to one major surface of a sheet of porous,
electrically conductive sheet material or to one
surface of the ion-exchange membrane. This
provides a limited reaction zone in which the

5 methanol can be oxidized before contacting the
membrane electrolyte. Thus, with this type of
electrode, the methanol concentration at the anode-
electrolyte interface will typically be high.

Reactant crossover may be substantially

10 eliminated i1f a reactant introduced to a first
major surface of a fuel cell electrode 1is
substantially completely reacted on contacting the
second major surface of the electrode. In this
case essentially no unreacted reactant would be

15 available to pass from the second surface through
the electrolyte to the other electrode. As
described herein, this may be accomplished by
ensuring that the reactant contacts sufficient
catalyst so that it is substantially completely

20 reacted before it contacts the second surface of
the electrode.

It is therefore an object of the invention to
provide an electrochemical fuel cell in which
crossover of a reactant from one electrode to the

25 other is reduced.

Tt is a further object of the invention to
provide a solid polymer electrochemical fuel cell
in which a reactant is substantially completely
reacted before it contacts the membrane

30 electrolyte.

It is a still further object of the invention

to provide a direct methanol solid polymer fuel

cell in which methanol crossover from the anode to

the cathode is8 reduced.
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Another object of the invention is to provide
a method for reducing reactant crossover in an

electrochemical fuel cell.

Summary Of The Invention
The above and other objects are achieved by an

electrochemical fuel cell in which an electrode has

catalyst disposed within the volume thereof. The
electrochemical fuel cell comprises:

(a) a first electrode, the first electrode
having first and second oppositely facing
major surfaces, the first electrode
comprising at least one layer of porous
material and a sufficient quantity of
catalyst disposed within the volume of
the electrode between the major surfaces
so that a reactant in a fluid introduced
to the first major surface of the first
electrode is substantially completely
reacted upon contacting the second maijor
surface of the first electrode;

(b) a second electrode;

(c¢) an electrolyte interposed between the
second major surface of the first
electrode and the second electrode.

In a preferred aspect of an electrochemical
fuel cell the first and second oppositely facing
major surfaces of the first electrode are planar.

In one embodiment the catalyst is distributed
substantially uniformly within the volume between
the first and second oppositely facing major
surfaces of the first electrode. In an alternative
embodiment the catalyst is distributed
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nonuniformly, such as, for example, 1in discrete
lavers or regions. The at least one layer of
porous material may optionally comprise a plurality

of stacked layers, and may optionally further

comprise carbon particles. Suitable carbon

particles include acetylene blacks, furnace blacks

and graphite particles.
The electrolyte may be a liquid or a solid.

With a ligquid electrolyte a porous, electrically

non-conductive separator is typically employed
between the two electrodes. In a preferred
embodiment the electrochemical fuel cell is a solid
polymer fuel cell and the electrolyte comprises an
ion-exchange membrane. The at least one layer of
porous material is preferably electrically
conductive and in a further embodiment comprises a
proton conductor. Preferred porous materials
comprise electrically conductive sheet material
guch as carbon fiber paper or carbon cloth. In an
alternative aspect the at least one layer of porous

material comprises carbon particles and a polymeric

binder.
The fluid in which the reactant is introduced

may be a liquid or a gas.

In a preferred embodiment of a liquid feed
electrochemical fuel cell, the first electrode is
an anode and the reactant comprises an alcochol,
preferably methanol. In this case the catalyst
promotes the oxidation of methanol. The fluid in
which the methanol is introduced preferably
comprises water and may optionally further comprise
acid. In a preferred embodiment of a liquid feed

direct methanol fuel cell the at least one layer of

porous material comprises a plurality of carbon
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fiber paper layers each of the layers having two
oppositely facing major surfaces, wherein catalyst
igs disposed on at least one major surface of each
of the lavers.

In any of the above embodiments of a solid
polymer electrochemical fuel cell, catalyst may
also be applied to the surface of the ion-exchange
membrane.

The electrode has first and second oppositely
facing major surfaces and comprises:

(a) at least one layver of porous material;

(b) a sufficient quantity of catalyst

disposed within the volume of the
electrode between the major surfaces so
that a reactant in a £luid introduced to
the first major surface of the electrode
is substantially completely reacted upon
contacting the second major surface of
the electrode.

In a preferred aspect of an electrode the
first and second oppositely facing major surfaces
of the electrode are planar.

In the electrode, the porous material acts as
a carrier for the catalyst, and is preferably
ligquid and gas permeable, to allow gas or liquid
feed reactant to penetrate it and to allow gaseous
products to escape. The porous material may be
electrically non-conductive or preferably
electrically conductive. The electrode, as a
whole, 1is electrically conductive, however non-
conductive porous material incorporating sufficient
catalyst and/or other electrically conductive
material to render the electrode electrically

conductive may be used. The porous material may,
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for example, be one or more layers of electrically
conductive particles, such as carbon particles, and
a polymeric binder. The preferred porous material
includes a sheet material which is self-supporting
and has structural integrity, thus providing
structural support for the adjacent ion-exchange
membrane in solid polymer fuel cells. Suitable
non-conductive sheet materials include expanded
polytetrafluoroethylene and glass fiber matting,
which preferably have electrically conductive
particles, such as, for example, carbon particles
associated therewith. Suitable electrically
conductive sheet materials include carbon aerogel,
carbon foam, carbon sponge, expanded metals and
reticulated metals. Preferred sheet materials
include carbon fiber paper and carbon cloth. The
electrode may optionally incorporate structures to
facilitate movement of gaseous products away from

the electrode, for example, channels, grooves and

layers or regions of different porosities.

In general, in electrochemical fuel cells,
higher catalyst loadings lead to improved
performance. The electrode structures described
herein facilitate use of higher catalyst loadings.

In a method of substantially completely
reacting a reactant in a fluid within a first
electrode of an electrochemical fuel cell, the
first electrode having first and second oppositely
facing major surfaces, the reactant introduced at
the first major surface, the first electrode
comprising at least one layer of porous material
and a catalyst, and the fuel cell further
comprising a second electrode and an electrolyte

interposed between the second major surface of the
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first electrode and the second electrode, the
method comprises:
disposing a sufficient quantity of the
catalyst within the volume of the first
5 electrode between the major surfaces thereof

such that the reactant is substantially

completely reacted upon contacting the second
major surface.

Brief Description Of The Drawings
10 FIG. 1A is an exploded side view of a typical

solid polymer electrochemical fuel cell showing a
conventional membrane electrode assembly interposed
between two separator plates, the separator plates
having reactant flow channels formed in the

15 surfaces for directing the reactants to the
electrodes.

FIG. 1B is8 a side sectional view of a
conventional (prior art) solid polymer
electrochemical fuel cell electrode having the

20 catalyst disposed in a single, discrete lavyer at
the interface with the membrane electrolyte.

FIG. 2 18 a sgide sectional view of an
electrode having catalyst substantially uniformly
distributed throughout the volume of the electrode.

25 FIG. 3 is a side sectional view of an
electrode having a catalyst laver impregnated into,
and disposed in the volume underlying, the surface
of the electrode facing away from the membrane
electrolvte.

30 FIG. 4 18 a side sectional view of an
electrode having a catalyst layer impregnated into
both surfaces of the electrode.

FIG. 5 18 a gside sectional view of an
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electrode comprising two layers of porous
electrically conductive material and an active
layer comprising catalyst interposed between them.

FIG. 6 is a side sectional view of a multi-

5 layer electrode comprising four layers of porous
electrically conductive material and catalyst
disposed at both surfaces of each layer.

FIG. 7 is a side sectional view of a multi-
layer electrode comprising five layers of porous

10 electrically conductive material and catalyst
disposed within alternate layers.

FIG. 8 is a side sectional view of a multi-
laver electrode structured to facilitate escape of
gaseous products, comprising three layers of porous

15 electrically conductive material.

FIG. 9 is a plot of cell voltage versus
methanol utilization for a fuel cell with the
conventional anode (plot A) shown in FIG. 1B and

with a multi-layer anode (plot B) shown in FIG. 6.

20 Detailed Description Of The Preferred Embodiments

FIG. 1A illustrates a typical solid polymer
fuel cell 10. Fuel cell 10 includes a membrane
electrode assembly 12 consisting of an ion-exchange
membrane 14 interposed between two electrodes,

25 namely an anode 16 and a cathode 17. In
conventional solid polymer fuel cells, anode 16 and
cathode 17 comprise a substrate of porous
electrically conductive sheet material, 18 and 13,
respectively. Each substrate has a thin laver, 20,

30 21, of electrocatalyst disposed on one of the major
surfaces at the interface with the membrane 14.

The membrane electrode assembly 12 is typically

interposed between anode flow field or separator
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plate 22 and cathode flow field or separator plate
24. Anode separator plate 22 has at least one fuel
flow channel 23 engraved, milled or molded in its
surface facing anode. Similarly, cathode separator
plate 24 has at least one oxidant flow channel 25
engraved, milled or molded in its surface facing
the cathode. When assembled against the co-
operating surfaces of electrodes 16 and 17,
channels 23 and 25 form the reactant flow field
passages for the fuel and oxidant respectively.
FIG. 1B shows a conventional (prior art)
electrode 30 of the type typically used in
solid polymer fuel cells. Electrode 30 comprises a
sheet of porous, electrically conductive material
32, typically carbon fiber paper or carbon cloth.
The electrode 30 has oppositely facing major planar
gsurfaces 30a, 30b. In a conventional
solid polymer fuel cell, electrode surface 30b is
adjacent to the membrane electrolyte. A thin layer

comprising electrocatalyst particles 36 is disposed

at electrode surface 30b.

FIG. 2 shows an electrode 40 comprising porous
material 42. The electrode 40 has oppositely
facing major planar surfaces 40a, 40b. 1In a direct
methanol fuel cell, electrode surface 40b is
adjacent to the membrane electrolyte. Catalyst
particles 46, effective for promoting the oxidation
of methanol, are distributed between the electrode
surfaceg 40a, 40b. The catalyst particles 46 may
be distributed substantially uniformly throughout
the volume between the electrode surfaces 40a, 40b,
ags shown in FIG. 2, or may be distributed
nonuniformly, for example, in discrete layers or

regions. Sufficient catalyst 1is provided so that
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substantially all of the methanol, which is
introduced in a fluid to the electrode 40 at
surface 40a is oxidized upon contacting surface
40b. The thickness of the electrode 40 and the
quantity of catalyst required will depend for
example on the rate of methanol supply to the
electrode 40, and the rate of fluid transport
through the electrode 40. in one example of an
electrode 40, porous material 42 is one or more
layers of carbon particles mixed with a polymeric
binder, and catalyst particles 46 are distributed
throughout porous material 42. In another example
of an electrode 40, porous material 42 is glass
fiber mat or expanded (porous)
polytetrafluoroethylene and a matrix of carbon
particles and a polymeric binder which, along with
catalyst particles 46, is distributed throughout
the thickness of the mat. In preferred example of
an electrode 40, porous material 42 is carbon cloth
and a matrix of carbon particles and a polymeric
binder which, along with catalyst particles 46, is
distributed throughout the thickness of the carbon
cloth.

FIG. 3 shows an electrode 50 comprising porous
electrically conductive material 52. The electrode
50 has oppositely facing major planar surfaces 50a,
50b. In a direct methanol solid polymer fuel cell,
electrode surface 50b is adjacent the membrane
electrolyte. Catalyst particles 56, effective for
promoting the oxidation of methanol, are
concentrated at electrode surface 50a. Sufficient
catalyst is provided so that substantially all of
the methanol, which is introduced in a fluid to the

electrode 50 at surface 50a, is oxidized upon
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contacting surface 50b. In an example of an
electrode 50, catalyst particles 56 are applied to
and impregnated into surface 50a of a porous
electrically conductive material sheet material
guch as carbon fiber paper.

FIG. 4 shows an electrode 60 comprising porous
electrically conductive material 62. The electrode
60 has oppositely facing major planar surfaces 60a,
60b. In a direct methanol solid polymer fuel cell
electrode, surface 60b is adjacent to the membrane
electrolyte. Catalyst particles 66, effective for
promoting the oxidation of methanol, are
concentrated at electrode surfaces 60a, 60b.
sufficient catalyst is provided so that
substantially all of the methanol, which is
introduced in a fluid to electrode 60 at surface
60a is oxidized upon contacting surface 60b. In an
example of an electrode 60, catalyst particles 66
are applied to and impregnated into both surfaces

60a, 60b of porous electrically conductive material
62.

FIG. 5 shows a multi-layer electrode 70
comprising two layers of porous electrically

conductive sheet material 72, 74. In a direct

adjacent to the membrane electrolyte. An active
layer 78, comprising catalyst particles 76 1is
interposed between layers 72, 74. The layers 72,
74 provide structural support for the catalyst-
containing layer 78. Sufficient catalyst is
provided so that substantially all of the methanol,
sntroduced in a fluid at layer 72 is oxidized upon
contacting layer 74.

FTG. 6 shows a multi-layer electrode 80
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comprising four layers of porous electrically
conductive sheet material 82, 83, 84, 85. The
electrode 80 has oppositely facing major planar
surfaces 80a, 80b. In a direct methanol solid
polymer fuel cell electrode, surface 80b is
disposed adjacent the membrane electrolyte.
Catalyst particles 86 are disposed at both ma;jor
planar surfaces of each layer. Sufficient catalyst
i8 provided so that substantially all of the
methanol, which is introduced in a liquid to the

electrode 80 at surface 80a is oxidized upon
contacting surface 80b.

FIG. 7 shows a multi-laver electrode 90
comprising five stacked layers of porous
electrically conductive sheet material 92a, 92b,
92c, 93a, 93b. The electrode 90 has oppositely
facing major planar surfaces 90a, 90b. In a direct
methanol solid polymer fuel cell electrode, surface
90b is disposed adjacent the membrane electrolvte.
Catalyst particles 96 are disposed in layers 92a,
92b and 92c. Sufficient catalyst is pProvided so
that substantially all of the methanol, which is
introduced in a fluid to the electrode 90 at
surface 90a is oxidized upon contacting surface
30b. In an example of an electrode 90 structured
to facilitate escape of gaseous carbon dioxide
product, porous layers 92a, 92b, 92¢ are carbon
cloth filled with a matrix of carbon particles and
a polymeric binder, and catalyst particles 96 are
distributed throughout the thickness of the layers
92a, 92b, S%2c. Porous lavers 93a and 93b are
carbon cloth which is not filled with a matrix and
catalyst particles, and are therefore more porous.

FIG. 8 shows a multi-laver electrode 100

54\
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structured to facilitate escape of gaseous carbon
dioxide product. Electrode 100 comprises three
stacked layers of porous electrically conductive
sheet material 102, 103, 104, and has oppositely
5 facing major planar surfaces 100a, 100b. In a

direct methanol solid polymer fuel cell electrode,
surface 100b is disposed adjacent the membrane
electrolyte. Catalyst particles 106 are disposed
in layers 102 and 104. Sufficient catalyst is

10 provided so that substantially all of the methanol,
which is introduced in a fluid to electrode 100 at
surface 1l00a is oxidized upon contacting surface
100b. Layer 103 has channels 103a formed in its
major planar surfaces to facilitate gas transport.

15 In an example of an electrode 100, porous material
102 and 104 is carbon cloth filled with a matrix of
carbon particles and a polymeric binder, and
catalyst particles 106 are distributed throughout
the thickness of layers 102, 104. Layer 103 is

20 carbon fiber paper with channels 103a formed in the
surfaces thereof.

Additional materials, such as hydrophobic or
hydrophillic polymers, and particulate fillers, may
optionally be incorporated into the electrode, for

25 example, to control gas and ligquid transport in the
electrode.

In the direct methanol solid polymer fuel
cells described herein, protons are generated by
oxidation of methanol at catalyst sites which are

30 remote from the anode-membrane interface. A
mechanism is provided for transporting protons from
the catalyst sites to the membrane electrolvte. In
preferred embodiments, the anode further comprises

proton conductive material which provides a path
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for transport of protons from the catalyst sites to
the membrane electrolyte. For example, proton
conductive material may be impregnated into the at
least one porous layer of the anode or may be
applied in a mixture with the catalyst. The proton
conductive material may, for example, be an ionomer
such as a sulfonated fluoroionomer, for example
Nafion®. Alternatively, or in addition, the
methanol may be supplied to the anode in aqueous
acidic solution, the aqueous acid thereby providing
a path for transport of protons from the catalyst
gites to the membrane electrolyte. Suitable acids
include sulfuric acid and perchloric acid.

Any catalyst which is effective for the
oxidation of methanol may be employed in the anode
of a direct methanol fuel cell. For example, the
catalyst can be a metal black such as platinum, a
mixture of metals, an alloy, a catalyst mixed with
additives to promote electrocatalytic activity
and/or inhibit catalyst poisoning, or a supported

catalyst such as, for example, a noble metal on a

carbon support.

Examplie 1
Comparison of Methanol Utilization

(a) Preparation of a Conventional Anode

A single layer of carbon supported platinum
ruthenium catalyst (Pt/Ru/C: 20/10/70%) was applied
to one surface of a sheet of carbon fiber paper (14

x 14 cm, thickness 0.27 mm, Grade CFP0S0) to give a
platinum loading of 1.80 mg/cm®.

(b) Preparation of a Multi-layer Anode
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Carbon supported platinum ruthenium catalyst
(Pt/Ru/C: 20/10/70%) was applied to both surfaces of
three sheets of carbon fiber paper (14 x 14 cm,
thickness 0.10 mm, Grade CFP030), and the sheets
were stacked together to give a multi-layer anode
with the same total platinum loading as in Example
1(a) above, that is 1.80 mg/cm’.

Each of the above anodes was tested in a
liquid feed direct methanol fuel cell employing
Nafion® 117 as the ion-exchange membrane
(electrolyte) and a platinum black cathode (4 mg/cm’
platinum loading). In both cases the fuel cell was
supplied with a fixed amount of fuel which was
recirculated past the anode. The fixed amount of
fuel was 250 ml: of aqueous 2M methanol solution
with a 0.5M sulfuric acid concentration, and the
operating conditions were as follows:

current density - constant at 200 mA/cm?
115°C

alr inlet pressure = 35 psig

temperature

air stoichiometry = 3

FIG. 9 is a plot of cell voltage versus
methanol utilization for a fuel cell with a
conventional (plot A) and multi-layer anode (plot
B) prepared as described in Example 1. The
quantity of electricity which would be produced 1if
all of the methanol were used (with complete
oxidation) can be calculated. The ratio of the
observed output (current x time) to the theoretical
output of the fuel cell is expressed as a
percentage methanol utilization in FIG. 9. For the
conventional anode, the cell voltage drops sharply

when the utilization approaches 60%. This
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indicates an inadegquate concentration of methanol
at the eiecprodé. For the multi-~layer anode the
voltage drop occurs closer to 80% utilization. The
primary reason for fuel utilization loss (that 13,
the fuel cell producing less current than is
thecretically posasible) ig methanol diffusgion to
the cathode. Additional contributions to the logg

may be dus to incomplete oxidation of methanol
leas than ita electrochemical equivalent of gix
10 alectrons per methanol molecule. The results

indicate that Lhe multi-layer ancde improves fuel

o utilization and reduces methanol diffusion toc the
cathode.

A8 used herein the term "substantially
15 completely reacted® indicates that the amount of
reactant remaining unreacted is insufficient to
detrimentally affect fuel call performanca.

SHEET
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What is claimed is:

1. A method of reducing reactant crossover from
a first electrode to a second electrode in a liquid
feed electrochemical fuel cell, said fuel cell
comprising an ion-exchange membrane interposed between
said first and second electrodes, the method
comprising:
supplying a liquid stream comprising a
reactant to said first electrode; and
reacting said reactant in the presence of a
catalyst disposed within the volume of said first
electrode, said reactant substantially completely

reacting at said catalyst before contacting said

ion-~exchange membrane.

2. The method of claim 1 wherein said method
comprises controlling the rate of supply of said
reactant to said electrode such that substantially

none of said reactant contacts said ion-exchange

membrane.

3. The method of claim 1 wherein said reactant

is a fuel and said first electrode is an anode.

4. The method of claim 3 wherein said anode

comprises a proton conductor.
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5. The method of claim 3 wherein said reactant

is methanol.

6. The method of claim 5 wherein said liquid

stream further comprises water.

7. The method of claim 6 wherein said liquid

stream further comprises acid.

8. The method of claim 1 wherein said reactant

is an oxidant and said first electrode is a cathode.

9. A method of reducing reactant crossover from
a first electrode to a second electrode of a liquid
feed electrochemical fuel cell, said first electrode
having first and second oppositely facing major
surfaces and comprising a catalyst, said fuel cell
further comprising an ion-exchange membrane interposed
between said second major surface of said fairst
electrode and said second electrode, the method
comprising:
introducing liquid stream comprising a
reactant to said first major surface of said
first electrode,
disposing a sufficient quantity of said
catalyst within the volume of said first
electrode between said major surfaces such that

said reactant is substantially completely reacted
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at said catalyst before contacting said second

major surface.

10. A liquid feed electrochemical fuel cell

comprising:

(a) a first electrode having first and second
oppositely facing major surfaces, and
comprising a quantity of catalyst;

(b) a second electrode;

(c) an ion-exchange membrane interposed between
said first electrode and said second
electrode;

wherein said catalyst is distributed in a plurality of
layers within the volume of said first electrode

between said major surfaces.

ll. The liquid feed electrochemical fuel cell of
claim 10 wherein said first electrode comprises a

plurality of stacked layers of porous sheet material.

12. The liquid feed electrochemical fuel cell of
claim 11 wherein said layers have different fluid

transport properties.

13. The liquid feed electrochemical fuel cell of
claim 12 wherein said layers have different

porosities.
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14. The liquid feed electrochemical fuel cell of
claim 11 wherein at least one of said layers has

grooves formed therein.

15. A liquid feed electrochemical fuel cell

comprising:

(a) a first electrode, said first electrode
comprising a quantity of catalyst and a
self-supporting porous sheet material having
first and second oppositely facing major
surfaces, said first electrode fluidly
connected to a source of liquid reactant;

(b) a second electrode;

(c) an i1on-exchange membrane interposed between
said first electrode and said second
electrode;

wherein said catalyst is distributed through the
thickness of said sheet material between said ma-jor

surfaces.

16. The liquid feed electrochemical fuel cell of
claim 1 wherein said catalyst is nonuniformly
distributed throughout the thickness of said sheet

material.

17. The liquid feed electrochemical fuel cell of
claim 1 wherein said sheet material 1s selected from

the group consisting of carbon cloth, carbon fiber
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paper, glass fiber mat, expanded
polytetrafluorcethylene, carbon aerogel, carbon foam,

carbon sponge, expanded metal and reticulated metal.

18. The liquid feed electrochemical fuel cell of
any one of claims 10-17 wherein said fuel cell is a
direct methanol fuel cell and said first electrode is

an anode.

19. The liquid feed electrochemical fuel cell of
any one of claims 10-17 wherein said first electrode
is an anode and said anode further comprises a proton
conductor for ionically connecting said catalyst to

said ion exchange membrane.
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