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Description

BACKGROUND OF THE INVENTION

[0001] This invention relates to fuel cells and, more
particularly, to fuel cells incorporating a solid polymer
electrolyte membrane to conduct protons between the
electrodes of the fuel cell and including wicking strands
to hydrate the membrane.
[0002] Work is commonly derived from fuel by a com-
bustion process which uses the pressure of expanding
gases to turn a turbine or move a reciprocating piston
and, ultimately, provide torque to a driveshaft. This
torque is then usually used for propulsion or to generate
electrical power. In the latter case, the electrical power
is oftimes reconverted into mechanical work.
[0003] The by-products of the combustion process
are waste gases which contaminate the atmosphere or,
if pollution is to be avoided or at least reduced, reacted
with catalysts to produce benign compounds. The fore-
going process is usually expensive and typically calls
for operations and equipment that require extensive
monitoring and maintenance to ensure that the emission
of pollutants is kept below a prescribed maximum. Fur-
thermore, there are energy losses inherent in the use of
expanding gases to drive a turbine or piston engine due
to the inefficiency of the combustion process and friction
of moving parts.
[0004] One approach which avoids the foregoing dis-
advantages inherent to generating work by burning a fu-
el is the fuel cell, which produces electrical power direct-
ly from a chemical reaction which oxidizes a fuel with
the aid of a catalyst. No intermediate steps, such as
combustion, are needed, nor is the machinery to gener-
ate electrical power from the torque of a driveshaft. The
chemical energy of the fuel is utilized much more effi-
ciently. Since polluting waste gases are not emitted, the
attendant processes and equipment required to neutral-
ize these harmful by-products are unnecessary.
[0005] The simplest fuel cell consists of two elec-
trodes separated by an electrolyte. The electrodes are
electrically connected through an external circuit, with a
resistive load lying in between them. Solid polymer elec-
trochemical fuel cells generally employ a membrane
electrode assembly, or "MEA," consisting of a solid pol-
ymer electrolyte membrane, or "PEM," also known as a
proton exchange membrane, disposed between the two
electrodes. The electrodes are formed from porous,
electrically conductive sheet material, typically carbon
fiber paper or cloth, that allows gas diffusion. The PEM
readily permits the movement of protons between the
electrodes, but is relatively impermeable to gas. It is also
a poor electronic conductor, and thereby prevents inter-
nal shorting of the cell.
[0006] A fuel gas is supplied to one electrode, the an-
ode, where it is oxidized to produce protons and free
electrons. The production of free electrons creates an
electrical potential, or voltage, at the anode. The protons

migrate through the PEM to the other electrode, the pos-
itively charged cathode. A reducing agent is supplied to
the cathode, where it reacts with the protons that have
passed through the PEM and the free electrons that
have flowed through the external circuit to form a reac-
tant product. The MEA includes a catalyst, typically plat-
inum-based, at each interface between the PEM and the
respective electrodes to induce the desired electro-
chemical reaction.
[0007] In one common embodiment of the fuel cell,
hydrogen gas is the fuel and oxygen is the oxidizing
agent. The hydrogen is oxidized at the anode to form H+

ions, or protons, and electrons, in accordance with the
chemical equation:

[0008] The H+ ions traverse the PEM to the cathode,
where they are reduced by oxygen and the free elec-
trons from the external circuit, to form water. The fore-
going reaction is expressed by the chemical equation:

[0009] One class of fuel cells uses a solid PEM formed
from an ion exchange polymer such as polyperfluoro-
sulfonic acid, e.g., a Nafion® membrane produced by
E. I. DuPont de Nemours. Ion transport is along path-
ways of ionic networks established by the anionic (sul-
fonic acid anion) groups that exist within the polymer.
Water is required around the ionic sites in the polymer
to form conductive pathways for ionic transport.
[0010] The ionic conductivity of such PEMs is thus a
function of the water content in the polymer. More par-
ticularly, the conductivity will decrease as the water con-
tent drops below a minimum threshold level. As the con-
ductivity drops, the efficiency of the fuel cell decreases
until, if the polymer becomes excessively dry, the fuel
cell becomes non-conductive.
[0011] There are several factors causing the removal
of water from the anode surface of the PEM. Heat gen-
erated in the oxidation reaction, as well as by transport
of the free electrons, i. e., IR type losses, causes evap-
oration. Water is also lost through electroosmotic trans-
port by hydrogen water compounds, e.g., "hydronium
ions, " (H3O)+ . This is a process in which water mole-
cules are "dragged" through the PEM by hydrogen pro-
tons migrating from the anode to the cathode. Each H+

ion is believed to transport one or two water molecules
along with it through the mechanism of electroosmotic
"drag."
[0012] Dehydration of the membrane is a problem en-
demic to PEM fuel cells. Abundant water collects on the
cathode from being created by the reduction of the H+

ions and from being transported through the PEM by
electoosmosis, and some of this water will automatically

H2 = 2H+ + 2e-

υO2 + 2H+ + 2e- = H2O
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migrate back through the PEM to the anode by virtue of
the mechanism of diffusion. However, the rate of water
migrating back to the anode by means of diffusion is not
always sufficient to prevent excessive PEM drying un-
der high current operating conditions, and thus diffusion
alone cannot be relied upon to prevent drying under the
range of operating conditions that a fuel cell might be
expected to encounter.
[0013] One approach to maintaining adequate hydra-
tion of the PEM is to use a humidifier external to the fuel
cell structure to introduce water as steam or a fine mist
into the stream of hydrogen gas fuel flowing into the an-
ode. Another method is to bubble the fuel gas through
water kept at a temperature higher than the temperature
at which the fuel cell is operated.
[0014] There are, however, limits on the effectiveness
of humidification as a viable solution occasioned prima-
rily by constraints inherent to the mechanism of conden-
sation. More particularly, water condenses in the anode
in an amount corresponding to the difference between
the saturation vapor pressure of the humidified fuel gas
at a humidification temperature and the saturation vapor
pressure at a cell operation temperature. The difference
between the humidification temperature and the cell op-
eration temperature is typically too small to provide for
condensation sufficient to avoid excessive dehydration
of the PEM.
[0015] One solution has been to increase the temper-
ature differential by increasing the humidification tem-
perature. However, the increased humidification tem-
perature causes an increase in the partial pressure of
the water vapor which is greater than the attendant in-
crease in the partial pressure of the fuel gas. This une-
qual increase in partial pressures causes a decrease in
the quantity of fuel gas per unit of volume in the humid-
ified gas mixture entering the fuel cell which, in turn, ad-
versely affects the performance of the fuel cell.
[0016] Moreover, even with the gaseous mixture be-
ing saturated with water in an amount sufficient to pre-
vent dehydration of the PEM, and assuming arguendo
that the quantity of condensed water is similarly ade-
quate, the application of the condensed water is not uni-
form over the surface of the anode. Rather, most of the
water condenses on the part of the anode nearest in-
coming stream, leaving the more distant portions of the
PEM subject to drying out.
[0017] The quantity of moisture carried by a saturated
gas, and thus the amount of condensed water, can be
increased by increasing the flow rate of the saturated
gas, but this requires a recirculating gas system includ-
ing recirculation pumps and some means of filtering im-
purities which tend to accumulate in the unused gas re-
circulating through the system. A significant drawback
to humidifying the fuel gas, and to a recirculation system
in particular, is the necessity for pumps, valves, heaters
and other equipment which add to the overall cost of the
fuel cell in addition to increasing its weight and adversely
affecting its reliability.

[0018] An alternative to humidifying the fuel gas is to
direct a stream of water across the anode. However, as
there is no feedback as to the rate the liquid water is
being absorbed into the PEM, this approach typically de-
livers much more liquid water to the anode surface than
the quantity being absorbed. This excess of liquid water
restricts access of the fuel gas to reaction sites on the
anode and consequently has an adverse effect on the
performance of the fuel cell.
[0019] Wicks also have been used to conduct water
from a reservoir to the surface of the anode and PEM.
More particularly, U.S. Patent No. 5,534,363 discloses
a wicking structure comprised of hollow tubing having
porous walls. The tubing is completely covered by a po-
rous fabric or foam having numerous tiny fabric or foam
fingers emanating from the surface of the cover.
[0020] The cover adheres to the surface of the fuel
cell's anode sheet, and is formed from a material capa-
ble of bonding to the porous tube and the anode surface.
Thus, the cover material must be selected in view of the
material used to form the anode sheet. As noted in col-
umn 6, lines 38-46, selecting the proper anode wick ma-
terials may require dismantling and analysis of the an-
ode because its physical and chemical characteristics
may be a trade secret.
[0021] In column 7, lines 13-28, an alternative embod-
iment discloses a wick comprised of hair shaped tubing
formed into the shape of a tree trunk with branches. This
tubing is perforated with small holes, and may or may
not require porous fabric or foam covers depending up-
on the wetting characteristics of the anode material and
the PEM's hydration requirements. As no alternative
mechanism is disclosed to affix this alternative wick
structure to the surface of the anode, it is implied that
the tubing also must be composed of a material that will
bond with the anode sheet.
[0022] Another alternative anode wick design replac-
es the porous fabric or foam fingers with cloth knotted
from hydrophilic (i.e., water absorbent) thread and hy-
drophobic (i.e., water repellent) thread. The knit cloth
contains repetitive square hydrophobic regions which
substantially exclude all liquid water and allow the pas-
sage of hydrogen gas to the anode. Surrounding each
hydrophobic region are zones of hydrophilic stripes
which exclude hydrogen gas and allow liquid water to
be transported via wicking action from the hollow tubing
to the anode surface.
[0023] As noted, the wicks of the foregoing patent use
hollow tubing which lies on the surface of the anode and
is affixed thereto by adhesion. It requires an analysis of
the anode material because the tubing or tubing cover
must be formed from material which will bond with the
anode. To use such a wick, various fuel cells must each
be dismantled and have their anodes analyzed to en-
sure proper bonding. A wick must be specially manufac-
tured to be used with each fuel cell having an anode
composed of a material having unique bonding charac-
teristics.
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[0024] U.S. Patent No. 5,322,744 also discloses a
wick to supply water to an anode and, ultimately, to a
PEM. More specifically, in column 10, lines 1-4, the pat-
ent discloses a wick " . . . made of fine threads of a fi-
brous material preferably selected from various natural
fiber, synthetic fiber or metallic fiber, the fine threads
having been twisted together." The twisted threads form
a bundle. Any object on the surface of the anode or
PEM, such as bundled threads forming a wick, decreas-
es the surface area otherwise available for the transport
of H+ ions, and proportionally reduces the current den-
sity of the fuel cell. Thus the thicker the bundle, which
is obviously thicker than the individual threads, the more
the current density is reduced and fuel cell performance
compromised.
[0025] The water is conducted between the individual
fibers forming the bundle along a spiraling, tortuous
path, in contradistinction to a linear path. The aforemen-
tioned nonlinear flow path requires the water molecules
to travel a longer path to reach any part of the surface
of the anode, particularly with respect to the area of the
anode and adjacent PEM lying the furthest distance
from the water source for the wicking bundle. This re-
quires more work from the capillary force driving the wa-
ter molecules and more time for the water to traverse
the distance from the water source to the PEM.
[0026] U.S. Patent No. 5,358,799 discloses the use
of a capillary wick to conduct water to the anode and
from the cathode of a fuel cell. At column 5, lines 59-60,
it states that the capillary wicks are comprised of "po-
rous graphite or other suitable materials."
[0027] Several references of the prior art disclose a
fiber or strand having three hollow interior regions ex-
tending axially for the length of the strand, formed by
three T-shaped partitions intersecting at the strand's
core. In particular, Figure 3 of U.S. Patent No. 5,759,394
illustrates the foregoing fiber. The fiber entraps a solid
absorbent within the longitudinal regions. The absorb-
ent absorbs undesirable molecules from a passing air
stream. Wicking of liquid is not disclosed or suggested.
[0028] In U.S. Patent No. 5,891,221, the aforemen-
tioned fiber configuration is shown in Figure 3 in con-
junction with carrying and retaining a liquid having an
affinity for undesired odor causing gas phase mole-
cules. The fiber uses capillary action to draw the select-
ed liquid with which it comes into contact through its in-
terior regions. The liquid removes the undesired gas
phase molecules from air passing around and through
a bundle of the fibers.
[0029] Figure 3 of U.S. Patent 5,704,966 also shows
a wicking fiber having the aforementioned trilobed con-
figuration. A bundle of the fibers disclosed therein is
used to filter gaseous contaminants from an air stream.
Each fiber contains a liquid which captures the gaseous
contaminants. The fiber carries the liquid containing the
captured contaminants to another air stream which
strips them from the fiber and carries them away.
[0030] A fiber having the aforementioned trilobed con-

figuration is shown in Figure 1 of U.S. Patent 5,057,368.
At column 5, lines 20-21, liquid wicking is noted as one
of its applications. Figure 5 of U.S. Patent No. 5,713,971
also shows a trilobed fiber having the aforementioned
configuration. At column 4, lines 58-62, this reference
discloses using capillary force to wick a liquid up the in-
terior of the fiber. The liquid is to have an affinity for the
undesirable material to be removed from an air stream.
[0031] The latter four references each discloses a tri-
lobed fiber having a fiber or strand having three hollow
interior regions extending axially for the length of the
strand. Each of these references notes that the fiber dis-
closed therein can wick liquid. However, none of them
disclose or suggest the use of such a fiber to solve the
long standing problem of adequately hydrating the PEM
of a gas fuel cell.
[0032] As may be seen from the foregoing, there pres-
ently exists a need in the art for a hydration apparatus
which keeps the PEM of a fuel cell sufficiently hydrated
while overcoming the shortcomings, disadvantages and
limitations of the prior art. The present invention fulfills
this need in the art.

SUMMARY OF THE INVENTION

[0033] Briefly, in a fuel cell a PEM is located between
two layers composed of a catalyst material such that a
sandwich-like assembly is formed. The fuel cell further
includes two electrodes, each comprised of a thin sheet
of porous material that is permeable to liquid and gas.
The two electrodes are situated on either side of the
sandwich-like assembly such that one surface of each
electrode abuts a catalyst layer.
[0034] The remaining surface of each electrode re-
spectively abuts a nonporous bipolar plate. The bipolar
plate has grooves for gas flow, and serves as a manifold
to distribute fuel gas across the abutting electrode. The
two bipolar plates are conductive, and are electrically
connected by an external circuit.
[0035] Wicking strands are located in between each
catalyst layer and the adjacent PEM. Each strand is
composed of a trilobed fiber. The strands are arranged
in a repetitive pattern such that they do not cross over
or overlap each other.
[0036] Hydrogen fuel gas flows through the grooves
in the anode bipolar plate, diffuses through the anode
electrode, and reacts with the catalyst to produce free
electrons and H+ ions. The electrons flow to the cathode
electrode by means of the external circuit, and the H+

ions migrate through the PEM to the cathode electrode.
The wicking strands abutting the PEM surface facing the
anode electrode communicate liquid water from a res-
ervoir to the foregoing PEM surface to maintain ade-
quate hydration of the PEM.
[0037] Oxygen gas flows through the grooves of the
cathode bipolar plate and reacts with the H+ ions and
free electrons to form liquid water. The wicking strands
abutting the PEM surface facing the cathode electrode
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communicate liquid water from the surface of the PEM
to an exhaust reservoir.
[0038] These and other features, aspects and advan-
tages of the present invention will become better under-
stood with reference to the following drawings, descrip-
tion and claims.

BRIEF DESCRIPTION OF THE DRAWINGS

[0039]

Figure 1 is an exploded schematic drawing of a fuel
cell having a solid PEM and including parallel wick-
ing strands of the present invention;
Figure 2 is a perspective view of a trilobed wicking
strand of the present invention;
Figure 3 is a schematic drawing depicting a sec-
tioned side view of a fuel cell having a PEM and
including the wicking strands of the present inven-
tion;
Figure 4 is a schematic drawing showing a fragmen-
tary, enlarged sectioned side view of a fuel cell hav-
ing a PEM and including the wicking strands of the
present invention; and
Figure 5 is a schematic drawing depicting a sec-
tioned side view of several fuel cells, each having a
PEM and incorporating the wicking strands of the
present invention, in a stacked configuration.

DETAILED DESCRIPTION OF THE INVENTION

[0040] An exploded view of fuel cell 11 is shown in
Figure 1. Fuel cell 11 is comprised of anode side 13 and
cathode side 15, and further includes PEM 17 formed
from a solid ion exchange polymer, such as polyper-
flouorosulfonic acid, e.g., a Nafion® membrane pro-
duced by E. I. DuPont de Nemours. PEM 17 separates
the two sides electronically, yet provides for the conduc-
tion of protons between them, the significance of which
will be subsequently explained. Anode side 13 is com-
prised of wicking strands 19, anode catalyst layer 21,
anode electrode 23, and anode bipolar plate 25. Cath-
ode side 15 is comprised of wicking strands 27, cathode
catalyst layer 29, cathode electrode 31, and cathode bi-
polar plate 33.
[0041] Catalyst layers 21 and 29 are situated against
the two approximately planar faces of PEM 17, respec-
tively, to form a sandwich-like assembly. Catalyst layers
21 and 29 are porous and composed of any one of a
number of platinum-based compounds well known to
those skilled in the art which precipitate the dissociation
of hydrogen gas to form H+ ions and free electrons. Elec-
trodes 23 and 31 are each composed of a thin sheet of
porous material that is permeable to liquid and gas. Car-
bon fiber paper or cloth is commonly used for this pur-
pose.
[0042] Strands 19 are situated in between catalyst
layer 21 and PEM 17 such that they are in contact with

PEM 17 for most of their respective lengths. Strands 27
are situated in between catalyst layer 29 and PEM 17
such that they are in contact with PEM 17 throughout
most of their respective lengths. Each of wicking strands
19 and 27 are identical. A perspective view of a singular
strand 19 is shown in Figure 2.
[0043] As shown therein, strand 19 includes radially
projecting lobes 34, 35 and 36. Each pair of lobes forms
a channel between them for the flow of water. More par-
ticularly, channel 37 is formed between lobes 34 and 35,
channel 38 is formed between lobes 35 and 36, and
channel 39 is formed between lobes 34 and 36.
[0044] Water is conducted along axial axis 40 of
strand 19 through channels 37, 38, and 39. For exam-
ple, water molecules flowing through channel 37 are re-
strained from moving transversely by lobes 34 and 35.
Instead, the path of least resistance is axial flow along
channel 37. The capillary force acting on the fluid water
forces it to flow axially within channel 37 until channel
37 abuts an area of PEM 17 where the local absence of
water creates a capillary force sufficient to overcome the
surface tension on the water surface lying between
lobes 34 and 35, and force the water in channel 37 to
move transversely to axial axis 40 and onto the abutting
surface of PEM 17.
[0045] The transverse flow of water from channel 37
onto the abutting surface of PEM 17 continues until the
surface is sufficiently hydrated to reach an equivalent
chemical potential which, in combination with lobes 34
and 35, restrains the transverse movement of water, and
causes it to continue moving axially until channel 37
again abuts a dry surface area of PEM 17. The same
mechanism functions with respect to water flowing
through channels 38 and 39. Although strand 19 will
twist as it traverses the surface of PEM 17, the presence
of three parallel axial channels ensures that at least one
of the channels will almost always abut PEM 17 and con-
duct water to various areas of it as previously described.
[0046] Each of strands 27 function in a similar manner
to conduct water away from the surface of PEM 17. The
Triad™ fiber produced by Honeywell International, Inc.
has the preferred trilobed cross section shown in Figure
2, and thus is suitable for use as strands 19 and 27.
[0047] Strands 19 are preferably arranged in a repet-
itive pattern. This allows the surface of PEM 17 to be
adequately hydrated using only the minimum lengths of
strands 19 required. Avoiding unnecessary lengths of
strands 19 minimizes the surface area of PEM 17 cov-
ered by strands 19, and thereby obstructed and ren-
dered unusable for the transmission of H+ ions.
[0048] Preferably, strands 19 should not cross over or
otherwise overlap each other because only the over-
lapped section of strand 19 abutting PEM 17 would func-
tion as intended to conduct water to the abutting surface
of PEM 17. The overlapping section of strand 19 not
abutting PEM 17, that is, lying in between the underlying
strand and catalyst layer 21, would be unable to conduct
water to PEM 17 at that location because conduction
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depends on contact with a dry surface area, and the un-
derlying strand would be hydrated. The overlying strand
would thus only add to the length of the strand neces-
sary to adequately hydrate PEM 17.
[0049] Strands 27 are preferably arranged in a repet-
itive pattern without overlapping for the same reasons.
As shown in Figure 1, strands 19 and 27 are disposed
parallel to each other, with the respective spacing be-
tween each pair of adjacent strands being approximate-
ly equal.
[0050] Bipolar plates 25 and 33 are formed from con-
ductive nonporous material that is imperious to gas and
liquid. Electrical circuit 41 electrically connects bipolar
plates 25 and 33. Anode bipolar plate 25 includes face
42, parallel grooves 43, inlet 44 and exhaust 45.
Grooves 43 are cut into otherwise planar face 42.
Grooves 43 fluidly communicate with each other, with
inlet 44, and with exhaust 45. Anode bipolar plate 25
abuts anode electrode 23 such that anode electrode 23
is exposed to grooves 43 and any gas flowing there-
through.
[0051] Cathode bipolar plate 33 includes face 46, par-
allel grooves 47, inlet 48 and exhaust 49. Grooves 47
are cut into otherwise planar face 46. Grooves 47 fluidly
communicate with each other, with inlet 48, and with ex-
haust 49. Cathode bipolar plate 33 abuts cathode elec-
trode 31 such that cathode electrode 31 is exposed to
grooves 47 and any gas flowing therethrough.
[0052] Figure 3 is a schematic cross sectional view of
fuel cell 11. Figure 4 is a fragmentary, enlarged cross
sectional view of fuel cell 11. As particularly shown in
Figure 3, strands 19 communicate with water 51 in water
reservoir 53, inlet 44 fluidly communicates with hydro-
gen fuel gas 55 from a hydrogen gas source (not
shown), and exhaust 45 fluidly communicates exhaust
gas 57 with an exhaust reservoir (not shown). The pres-
sure of the hydrogen gas source is maintained at a pres-
sure sufficiently greater than that of the exhaust reser-
voir to ensure fluid flow from the hydrogen gas source,
through grooves 43 (not shown in Figure 3), and into the
exhaust reservoir. The pressure in water reservoir 53 is
maintained at a level slightly greater than the pressure
in grooves 43 to prevent or reduce the leakage of hy-
drogen fuel gas 55 into water reservoir 53.
[0053] With respect to cathode side 15 of fuel cell 11,
strands 27 communicate with water reservoir 59, inlet
48 fluidly communicates with oxygen gas 61 from a ox-
ygen gas source (not shown), and exhaust 49 fluidly
communicates exhaust gas 63 with an exhaust reservoir
(not shown). The pressure of the oxygen gas source is
maintained at a pressure greater than the pressure in
the exhaust reservoir to ensure the fluid flow of oxygen
gas 61 through grooves 47.
[0054] Upon flowing into grooves 43, hydrogen fuel
gas 55 flows through anode electrode 23 and comes into
contact with catalyst layer 21, whereupon it dissociates
to form H+ ions and free electrons in accordance with
the following equation:

The generation of free electrons creates a voltage be-
tween anode bipolar plate 25 and cathode bipolar plate
33. Circuit 41 includes load 65. When load 65 is powered
by the foregoing voltage, circuit 41 is closed and current
flows to cathode bipolar plate 33.
[0055] As PEM 17 dehydrates due to evaporation and
electroosmotic transport, water 51 is drawn from water
reservoir 53 through strands 19 and onto the face of the
anode side of PEM 17 by capillary action. Equilibrium
between strands 19 and PEM 17 is maintained by cap-
illary action to keep PEM 17 hydrated. Conversely,
should PEM 17 become saturated with moisture, the
driving force of the capillary action will subside and
abate the conduction of water 51 onto PEM 17.
[0056] The H+ protons traverse PEM 17 to cathode
electrode 31 where, precipitated by catalyst layer 29,
they are reduced by oxygen gas 61 and the free elec-
trons conducted by circuit 41 from anode bipolar plate
25, to form water. The foregoing reaction is expressed
by the chemical equation:

[0057] Excess water is removed from PEM 17 through
strands 27 and into water reservoir 59 by capillary ac-
tion.
[0058] The other face of anode bipolar plate 25 may
abut the cathode of an adjacent fuel cell. In such a con-
figuration, this face would have the grooves, oxygen gas
inlet, and exhaust heretofore described in conjunction
with cathode bipolar plate 33, and it would function in
an identical manner. Such a plate is called a bipolar plate
because it abuts the anode electrode of one fuel cell and
the cathode electrode of an adjacent fuel cell. The ad-
jacent fuel cells are electrically connected in series. This
is known as a "stacked" fuel cell configuration.
[0059] Further stacking could be obtained by adding
another adjacent fuel cell in abutment to cathode bipolar
plate 33. Figure 5 shows three fuel cells 11 of the present
invention in stacked configuration 67.
[0060] The present invention is a fuel cell which uses
capillary wicking strands to provide water when the hy-
dration level of the anode side of the PEM is too low and
in danger of drying out, and remove excess water from
the cathode side of the PEM. It accomplishes the fore-
going without limiting or adversely affecting the perform-
ance of the fuel cell. As the present invention ensures
proper hydration without the extensive equipment re-
quired to humidify the hydrogen fuel gas or recirculate
humidified hydrogen fuel gas, it realizes improved reli-
ability, decreased maintenance, reduced weight, and
cost savings over the apparatus of the prior art.
[0061] Furthermore, the wicking strands of the
present invention do not need to be bonded to the anode

H2 = 2H+ + 2e-

υO2 + 2H+ + 2e- = H2O
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or cathode, respectively, or to the PEM, and thus no
analysis of the composition of the foregoing fuel cell
components is necessary because the wicking strands
need not be composed of a material capable of bonding
to the foregoing components. The wicking strands of the
present invention may be used with fuel cell electrodes
and PEMs composed of virtually any material.
[0062] Moreover, each of the wicking strands of the
present invention are composed of a singular fiber of
wicking material. The water being conducted flows
along a nearly linear path that is shorter that the tortuous
path required by prior art wicks composed of bundled
fibers. The capillary force necessary to move water
through this nearly linear path is less than for the tortu-
ous path of the prior art. On the anode side of the PEM,
this allows the present invention to respond more quick-
ly to a dry PEM and respond when the hydration level
is lower compared to the bundled fiber wicks of the prior
art. On the cathode side of the PEM, this allows the
present invention to respond more quickly to a wet PEM
and respond when the hydration level is higher com-
pared to the bundled fibers of the prior art.
[0063] The singular fiber composing each of wicking
strands of the present invention is substantially narrow-
er than the bundled fiber wicks of the prior art, yet con-
ducts water at a higher flow rate. Moreover, the wicking
strands of the present invention are not covered by a
porous fabric or foam. The wicking strands of the
present invention thus obstruct less of the surface area
of the PEM than the wicks of the prior art, and thereby
leave more area available for the transmission of H+

ions. This increases the current density and enhances
the performance of the fuel cell.

Claims

1. An apparatus for hydrating a membrane in a fuel
cell, comprising:

a capillary means including a wicking strand for
conducting water by capillary action between
the membrane and a location apart from the
membrane;
said strand having lobes; and
channels being formed by said lobes, whereby
water is conducted by said strand by having it
flow through said channels.

2. The hydrating apparatus as defined in Claim 1
wherein:

said strand has an axial axis of symmetry;
said lobes extend radially from said axis; and
each lobe includes arm having a distal end and
a flange attached to said distal end.

3. The hydration apparatus of any one or more of

Claims 1-2 wherein the number of said channels is
equal to the number of said lobes.

4. The hydration apparatus of any one or more of
Claims 1-3 wherein said lobes are comprised of at
least three lobes.

5. The hydration apparatus of any one or more of
Claims 1-4 wherein said strand abuts the mem-
brane.

6. The hydration apparatus of any one or more of
Claims 1-5 wherein:

said strand is comprised of a plurality of
strands; and
said strands form a repetitive pattern on the
membrane.

7. The hydration apparatus as defined in Claim 6
wherein:

the fuel cell includes a catalyst layer; and
said strands are located in between the catalyst
layer and the membrane.

8. The hydration apparatus of any one or more of
Claims 6-7 wherein said pattern is comprised of
said strands being situated parallel to one another.

9. The hydration apparatus of any one or more of
Claims 1-8 wherein the membrane is a polymer
electrolyte.

10. The hydration apparatus of any one or more of
Claims 1-9 wherein said capillary means comprises
hydration means for conducting water from the lo-
cation to the membrane.

Patentansprüche

1. Einrichtung zum Hydratisieren einer Membran in ei-
ner Brennstoffzelle, enthaltend:

eine Kapillarvorrichtung mit einem Dochtstrang
zum Leiten von Wasser durch Kapillarwirkung
zwischen der Membran und einem von der
Membran entfernten Ort,

wobei der Strang Keulen hat, und
Kanäle, die zwischen den Keulen gebildet

sind, wobei Was ser durch den Strang geleitet wird,
indem es durch die Kanäle strömen muss.

2. Hydratisierungseinrichtung nach Anspruch 1, wo-
bei:
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der Strang eine axiale Symmetrieachse hat,
die Keulen radial von der Achse ausgehen und
jede Keule einen Arm mit einem entfernten En-
de und einem an dem entfernten Ende befestig-
ten Flansch aufweist.

3. Hydratisierungseinrichtung nach einem oder meh-
reren der Ansprüche 1-2, wobei die Anzahl der Ka-
näle gleich der Anzahl der Keulen ist.

4. Hydratisierungseinrichtung nach einem oder meh-
reren der Ansprüche 1-3, wobei die Keulen von we-
nigstens drei Keulen gebildet sind.

5. Hydratisierungseinrichtung nach einem oder meh-
reren der Ansprüche 1-4, wobei der Strang an der
Membran anstösst.

6. Hydratisierungseinrichtung nach einem oder meh-
reren der Ansprüche 1-5, wobei

der Strang von mehreren Strängen gebildet
ist und die Stränge ein sich wiederholendes Muster
auf der Membran bilden.

7. Hydratisierungseinrichtung nach Anspruch 6, wo-
bei

die Brennstoffzelle eine Katalysatorschicht
aufweist und

die Stränge zwischen der Katalysatorschicht
und der Membran angeordnet sind.

8. Hydratisierungseinrichtung nach einem oder meh-
reren der Ansprüche 6-7, wobei das Muster von
Strängen gebildet ist, die parallel zueinander ange-
ordnet sind.

9. Hydratisierungseinrichtung nach einem oder meh-
reren der Ansprüche 1-8, wobei die Membran ein
Polymer-Elektrolyt ist.

10. Hydratisierungseinrichtung nach einem oder meh-
reren der Ansprüche 1-9, wobei die Kapillarvorrich-
tung Hydratisierungsmittel zum Leiten von Wasser
von dem Ort zur Membran aufweist.

Revendications

1. Appareil pour hydrater une membrane dans une pi-
le à combustible comprenant :

des moyens capillaires incluant une bande à ef-
fet de mèche pour conduire de l'eau par effet
de capillarité entre la membrane et un endroit
éloigné de la membrane ;
ladite bande ayant des lobes ; et
des canaux étant formés par lesdits lobes, de
sorte que l'eau est conduite par ladite bande en

s'écoulant à travers lesdits canaux.

2. Appareil pour hydrater selon la revendication 1,
dans lequel :

ladite bande a un axe axial de symétrie
lesdits lobes s'étendent radialement à partir du-
dit axe ; et
chaque lobe comprend un bras ayant une ex-
trémité distale et une aile attachée à ladite ex-
trémité distale.

3. Appareil pour hydrater selon l'une des revendica-
tions 1 ou 2, dans lequel le nombre desdits canaux
est égal au nombre de lobes.

4. Appareil pour hydrater selon l'une des revendica-
tions 1 à 3, dans lequel lesdits lobes comprennent
au moins trois lobes.

5. Appareil pour hydrater selon l'une des revendica-
tions 1 à 4, caractérisé en ce que ladite bande est
en contact avec la membrane.

6. Appareil pour hydrater selon l'une des revendica-
tions 1 à 5, dans lequel

ladite bande est formée par une pluralité de
bandes ; et

lesdites bandes forment un motif répétitif sur
la membrane.

7. Appareil selon la revendication 6, dans lequel :

la pile à combustible comprend une couche de
catalyseur ; et
lesdites bandes sont situées entre la couche de
catalyseur et la membrane.

8. Appareil pour hydrater selon l'une des revendica-
tions 6 ou 7, dans lequel ledit motif est formé par
lesdites bandes disposées en étant parallèles entre
elles.

9. Appareil pour hydrater selon l'une des revendica-
tions 1 à 8, dans lequel la membrane est un élec-
trolyte polymère.

10. Appareil selon l'une des revendications 1 à 9, dans
lequel lesdits moyens capillaires comprennent des
moyens d'hydratation pour conduire l'eau à partir
de l'endroit vers la membrane.
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