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FUEL CELL PLATELET SEPARATORS
HAVING COORDINATE FEATURES

This application is a national stage application PCT/
US95/13325, which claims priority from Ser. No. 08/322,
823, filed Oct. 12, 1994, now abandoned, and Ser. No.
443,139, now U.S. Pat. No. 5,863,671.

TECHNICAL FIELD

This invention relates to fuel cells, and more particularly
to fuel cells constructed of stacked platelets having inte-
grated fluid management technology (IFMT), and to meth-
ods of manufacture and operation of the IFM cells. A
particular embodiment employing the principles of this
invention is ahydrogen-air/O, fuel cell employing multiple
separators formed of bonded platelets of titanium. niobium,
copper, stainless steel, aluminum or plastic having individu-
ally configured micro-channel reactant gas, coolant and
humidification zones therein, which cells operate in the
range of about 50 to 150° C., and have an output of on the
order 0f0.25-1.0 kW per Kg and 0.5-1.0 kW/L for use in
both stationary and mobile power generation applications in
open or closed loop configurations. The IFM platelet and
separator design can be adjusted throughout the fuel cell
stack to accommodate varying thermal management and
humidification requirements within each cell.

BACKGROUND ART

Fuel cells for direct conversion of hydrogen or carbon-
aceous fuels to electricity have shown great theoretical
promise, but have not become widely used in commerce
because of technical problems and economic reasons. In the
field of hydrogen-air/O, fuel cells, power density, that is
kilowatts of power generation per pound has been marginal,
and the lifetime has been unsatisfactorily short. Prior art
cells have experienced dropoff in power with age due in part
to poisoning of catalysts or electrolyte membranes, and the
poor distribution of fuel gases internally has led to thermal
hot spots leading to cell failure and the like.

A particularly important class of fuel cells with promise
for stationary and mobile electricity generation is the low
temperature H,/O, fuel cell employing solid polymeric
proton exchange membrane having a noble metal catalyst
coated on both sides thereof, which membrane is located
between the fuel cell electrodes or electrically conductive
separators. These fuel cells employ H, as fuel, whether
directly supplied as such or generated in association with the
cell by chemical reaction, such as electrolysis or from metal
hydrides. The oxidant is O, or air, and water is required both
for cooling and for humidification of the membrane to keep
it from drying out and becoming inefficient or structurally
weakened through cracking. Typically, the anode side dries
out first for a variety of reasons, including electrosmotic
pumping from anode to cathode, the supply of gases in
excess of the electrochemical reaction rate, and the air or
oxygen flow on the cathode side purges both the product
water and the water vapor passing through the membrane
from the hydrogen anode side. Accordingly, the fuel gases
are humidified in the fuel cell stack to reduce the dehydra-
tion effect The cooling water removes excess heat generated
in the slow combustion of the catalyst-mediated electro-
chemical reaction in the cells, and is conducted external of
the stack for heat exchange. In some designs the cooling
water is used to humidify the reactant gases.

There are several suitable electrode membrane assemblies
(EMAs) available for such low temperature fuel cells. One
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is from H Power Corp of Bellville, N.J. which employs a Pt
catalyst coated on a polymer film, such as duPont
NAFION® brand perflourosulfonated hydrocarbon as the
membrane. Alternatively, Dow Chemical provides a perf-
lourosulfonated polymer which has been reported in U.S.
Pat. No. 5,316,869 as permitting current densities on the
order of 4000 amps/s.f. with cell voltages in excess of 0.5
V/cell, for a cell stack power density in excess of 2 kw/s.f.

A typical design of currently available stacks is the
Ballard Fuel Cell Stack of 35 active electrochemical cells 19
thermal management cells, and 14 reactant humidification
cells employing a Pt on NAFION 117 EMA in stacks of %"
thick graphite plates. The stack is reported to have an overall
volume of 0.5 cu. ft with a weight of 94 1bs and a 3 kw output
from H, and O,

However, the graphite plates must be relatively thick to
provide structural integrity and prevent reactant crossover
since they are brittle and prone to crack as the cell stacks
must be placed under compression to effect intra and inter-
cell sealing to prevent reactant leakage. They have low
thermal and electrical conductivity which gives rise to hot
spots and dead spots. They are also difficult to manufacture,
especially the gas distribution channels. The output is rela-
tively low, on the order of 0.05 kw/Ib. In the example cited
above, the number of inactive cooling and humidification
almost equals the number of active electrochemical cells.
This effectively doubles the number of gasketed seals
required in a stack thereby decreasing stack reliability and
performance.

The aforementioned U.S. Pat. No. 5,316,869 does not
offer a solution to graphite plate cell stack design as it is
concerned with microprocessor control of a closed loop
system external to the stack.

Accordingly, there is a need for an improved fuel cell
design, and methods of producing the fuel cells and opera-
tion thereof which overcome limiting problems of the prior
art

DISCLOSURE OF INVENTION

Objects and Advantages

It is among the objects of this invention to provide
improved fuel cell design, and methods of construction and
operation, particularly fuel cells of the hydrogen and oxygen
or air type which show 3x or better improvement over
currently available graphite cells.

Additional objects and advantages include:

To provide improved fuel cell construction techniques
based on multiple platelet and stack technology, which
platelets have specially configured gas and water distribu-
tion microchannels created by etching, laser ablation or
cutting, stamping, punching or embossing;

To provide an integrated process for manufacture of fuel
cells involving photolithography of a series of individual
platelets, followed by feature forming by etching,
embossing, stamping, punching, bonding brazing or solder-
ing stacked platelets under heat and pressure, and anti-
oxidant coating the platelets and/or sub-assembly polar
separators;

To provide integrated fluid management technology
(IFMT) to fuel cell stack design, particularly to the design of
platelets assembled into unipolar or bipolar separators
(individual cells), and plural cells into stacks, to improve
fuel and oxidant gas humidification and distribution for
contact with the membranes, and for heat and humidity
control to prevent hot spots and membrane degradation due
to dehydration;
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To provide photolithographically and etch-formed plate-
lets for fuel cell separator assemblies having special sealing
ridges which permit sealing of EMAs between polar sepa-
rators to form cells which are secured under compression to
form fuel cell stacks;

To provide variable IFM platelet polar separator design
within a fuel cell stack that accommodates the differing
thermal environment and humidification requirements that
are intra-stack position dependent; and

Still other objects will be evident from the specification,
drawings and claims of the invention.

The invention is directed to improved fuel cell stacks
constructed from a plurality of cells, each comprising a
series of interrelated, integrated fluid management (IFM)
platelets. The invention also includes methods for design,
construction, featuring, assembly and bonding of the plate-
lets into modular polar separators (substack cell assemblies),
and methods of operation of fuel cell stacks employing the
integrated fluid management technology platelets. While
particularly disclosed as applicable to proton exchange
membrane (PEM) fuel cells employing H, and O,/air as
fuel, the techniques of this invention are equally applicable
to alkaline, solid oxide and molten carbonate type fuel cells,
and to reformers used in conjunction with fuel cells. A wide
variety of other fuevoxidizer combinations may be
employed, such as H,/Cl,; NH,/O0,; H,/X, (X is a halogen);
CH,O0H/O,, and the like.

The fuel cells of this invention are constructed of one or
more cells, each cell of which in turn comprises a pair of
bi-polar separators sandwiching an electrode membrane
assembly (EMA) therebetween. The separators may be
either unipolar (for the terminal end plates) or bipolar, with
one side being the anode (H,) side and the other the cathode
(O,) side. In turn, each polar separator assembly of this
invention comprises a plurality of thin plates, preferably of
metal, plastic, ceramic or other suitable material into which
numerous intricate microgroove fluid distribution channels
have been formed, preferably by etching, but also by laser
ablation or cutting, embossing, pressing, punching or stamp-
ing processes that create through-and-partial-depth features.
Adjacent plates having coordinate partial depth features
(e.g., half-channels) upon bonding provide gas, coolant and
vapor distribution channels, typically round or oval incross
section which, by virtue of their continuous, sinusoidal and
branching configurations are otherwise impossible to con-
struct.

When two uni-polar separators are assembled with an
EMA therebetween it comprises an electrochemical cell. An
array of aligned cells, when secured together by bonding or
clamping means and optionally Including sealing gaskets
between cells, comprises a fuel cell stack, a finished fuel
cell.

In typical examples, the number of platelets to form an
individual cell polar separator subassembly of the overall
fuel cell stack may range from 3-10 plates, and preferably
4-7. As are disposed between adjacent polar separators, and
preferably are inserted in anode and cathode recesses
therein. The presently preferred EMA comprises a 2—17 mil
thick sulfonated perfluorinated membrane coated on both
sides with a mixture of microfine Pt-black and carbon black
in a solvent, and overlain on each side with a 10 mil thick
65% open graphite paper having a Teflon hydrophobic
binder therein.

The Integrated fluid management fuel cell principles of
this invention will be described herein, by way of example
only, in reference to a bipolar hydrogen/air or oxygen fuel
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cell employing a Pt-black/NAFION EMA, but are equally
applicable to other fuevoxidizer combinations, be they
liquid, gases or combinations thereof, operating in the
temperature range of from 50-150° C.

An important feature of the platelet design of this inven-
tion is that significant improvements are made in thermal
management and in humidification of the gases and electro-
lyte membranes to very significantly improve the power
output of the platelet formed fuel cell of this invention as
compared to the prior art. In a preferred embodiment, the
cell platelets are constructed of metal, typically aluminum,
copper, stainless steel, niobium or titanium. After the plate-
lets are formed, they are then bonded together by a specific
schedule of heat and pressure (e.g., glued with conductive
glue, diffusion bonded, welded, brazed or soldered) to form
a polar separator subassembly and thereafter, if desired,
coated or treated for corrosion resistance. The EMAs are
then inset into optional membrane recesses, called window
frame recesses, in the separator plates forming individual
electrochemical cells, and a plurality of the cells are stacked
to form fuel cell stacks. The entire assembly is then bound
under compression to promote sealing, e.g., by through tie
rods, nuts and constant compression devices, to form a
unitary monolithic fuel cell stack.

A wide variety of solid but porous polymeric proton
exchange membranes may be employed, typically sul-
fonated fluorocarbon membranes from Dow Chemical,
Asahi Chemical, Gore or duPont, with duPont’s NAFION
being presently preferred. The membrane is coated on both
sides with a noble metal catalyst such as Pd, Pt, Rh, Ru,
noble metal oxides or mixtures thereof and bonded to
graphite paper electrodes. Alternatively, the graphite paper
electrode can be coated with the catalyst and bonded with
the membrane. A preferred electrode membrane assembly of
this type is available from H Power Corp of Bellville, N.J.
Other types of EMAs that can be used include porous thin
sheets of carbon or graphite, or catalyst-coated polyimida-
zole membranes.

While a specific membrane type and manufacturer may
provide some improvement in performance, the invention is
not dependent on any one type of membrane or EMA The
integrated fluid management technology (IFMT) platelet
approach of this invention is adaptable to a wide variety of
fuel cell types, and improved performance will result there-
from.

The platelet technique permits forming a wide variety of
micro-channel designs for any exterior configuration of the
fuel cell, yet with excellent thermal exchange and humidity
control for more efficient distribution of the gases with no
fuel or oxygen starvation and better steady-state electca
output

An Important advantage in the IFM platelet technology of
this invention is that the manufacture of the fuel cells can be
automated, and employs photolithographic and etching or
stamping technology on thin sheet material. Rapid changes
can be made In the separator subassembly design. A single
factory can support a wide range of fuel cell designs without
the need for high output ordinarily required for production
economy. That is, fewer fuel cells of widely different design
can be produced and still be economically feasible. In
addition, the capital investment is substantially and signifi-
cantly reduced as the production equipment is close to
off-the-shelf photolithographic, masking, and etching or
stamping equipment

By way of example, the multiple sheets of a separator can
be accurately designed in large format. photographically



























