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(57) ABSTRACT 

The present invention concerns improvements in fuel cell 
fabrication. It concerns an improved, integrated and modular 
BSP/MEA/Manifolds, Which facilitates single cell (module) 
leak and performance testing prior to assembly in a fuel cell 
stack as Well as facilitating manufacturing and cost reduc 
tion. 

In particular, the present invention relates to a fuel cell, 
Which includes: a) Asingle ?exible or ridged separator plate; 
b) a ?exible membrane electrode assembly; c) a ?exible 
bond interposed betWeen said single ?exible or ridged 
separator plate and said ?exible membrane electrode assem 
bly, Wherein said ?exible bond betWeen said ?exible or 
ridged separator plate and said ?exible membrane electrode 
assembly comprises the fuel cell, and Wherein said ?exible 
bond is an adhesive bond Which encapsulates edge portions 
of said ?exible or ridged separator plate and said ?exible 
membrane electrode assembly and Wherein said ?exible 
bond seals the edge portions of said ?exible membrane 
assembly to prevent the release of reactants from the fuel 
cell. In some embodiments the adhesive bond comprises a 
?exible gasket; d) manifold for the delivery and removal of 
reactants and reactant products to and from the fuel cell 
reactive areas Where said manifolds may be either a single 
or multiple manifolds; and e) a bond interposed betWeen 
said manifold and said single ?exible or ridged separator 
plate, Wherein said bond af?xes said manifold to said 
?exible or ridged separator plate and Wherein said bond 
provides a seal betWeen said manifold and said ?exible or 
ridged separator plate to prevent the release of reactants 
from the fuel cell. It also eliminates some gaskets and 
simpli?es assembly. 
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FIG._4 4 (PRIOR Am) 
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FIG._5A 
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FIG._ 7A 
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INTEGRATED AND MODULAR 
BSP/MEA/MANIFOLD PLATES FOR FUEL CELLS 

RELATED APPLICATIONS 

[0001] This application is a continuation-in-part of US. 
Ser. No. 60/226,471, ?led Aug. 18, 2000 and US. Ser. No. 
60/249,662, ?led Nov. 17, 2000, and US. Ser. No. , 
?led Apr. 13, 2001 by Express Mail No.: EL700013365US, 
all of Which are incorporated herein by reference in their 
entirety. 

BACKGROUND OF THE INVENTION 

[0002] 1. Field of the Invention 

[0003] The present invention relates to electrochemical 
energy converters With a polymer electrolyte membrane 
(PEM), such as fuel cells or electrolyZer cells or stacks of 
such cells, Wherein the individual cells are modular units 
Which have integrated the bipolar separator plate (BSP), the 
membrane electrode assembly (MEA) and the reactant and 
coolant manifolds. These individual components are 
assembled into integrated modules and these modules are 
tested individually for full functionality before being 
assembled into a complete fuel cell unit (stack) as individual 
components. In particular the several components of the 
integrated modular BSP/MEA/Manifolds (fuel cell module), 
i.e., the bipolar separator plate, membrane electrode assem 
bly, separate diffusion layers (if used), gaskets (if used), 
manifolds, adhesives, and seals (if used) are manufactured 
as separate entities before being incorporated into a fuel cell 
module before being assembled in a complete fuel cell unit 
(stack). In a number of embodiments, these fuel cell com 
ponents can be as large or as small as the end use requires. 

[0004] 2. Description of the Related Art 

[0005] Electrochemical cells comprising polymer electro 
lyte membranes (PEM) may be operated as fuel cells 
Wherein a fuel and an oxidiZer are electrochemically con 
verted at the cell electrodes to produce electrical poWer, or 
as electrolyZers Wherein an external electrical current is 
passed betWeen the cell electrodes, typically through Water, 
resulting in generation of hydrogen and oxygen at the 
respective electrodes of the cells. 

[0006] Fuel cells are energy conversion devices that use 
hydrogen, the most abundant fuel on earth, and oxygen, 
usually from the air, to create electricity through a chemical 
conversion process, Without combustion and Without harm 
ful emissions. The voltage and current output depends on the 
number of cells in the stack, total active surface area and 
ef?ciency. The basic process, for a single cell, is shoWn in 
FIG. 1. 

[0007] Traditional fuel cell stacks 1, see FIG. 2, are made 
of many individual cells 2, see FIG. 3, Which are stacked 
together. The ability to achieve the required gas and liquid 
sealing and to maintain intimate electrical contact has tra 
ditionally been accomplished With the use of relatively thick 
and heavy “end plates”(3, 4) With the fuel cell stack 5 held 
together by heavy tie-rods or bolts 6 and nuts 7 (or other 
fasteners) in a “?lter-press” type of arrangement, see FIGS. 
2 and 4. Disassembly and analysis of fuel cell stacks built 
by traditional and other methods reveals evidence of incom 
plete electrical contact betWeen bipolar separator plates 
(BSPs) 8 and the membrane electrode assembly (MEAs) 9, 
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Which results in poor electrical conduction, loWer cell per 
formance, often along With evidence of gas and liquid 
leakage. 
[0008] The traditional method of assembly of Proton 
Exchange Membrane (PEM) fuel cells requires several 
parallel and serial mechanical processes that must be accom 
plished simultaneously for each individual cell, see FIG. 3. 

[0009] 1. The Membrane Electrode Assembly (MEA) 9 
must be sealed to the Bipolar Separator Plates (BSPs) 8 at 
each plate/MEA interface, via a gasket such as 10A and 10B. 

[0010] 2. The fuel, oxidiZer and coolant manifolds 11A 
and 11B are all required to be sealed at the same time during 
fabrication as the MEA is sealed to the BSP. 

[0011] 3. The BSPs 8 must be in intimate electrical contact 
With the electrode assembly 9, across its entire surface area, 
at all times for optimum performance. 

[0012] As the traditional fuel cell stack 1 is assembled, 
each individual cell (layer) 2 must seal, manage gasses and 
liquid, produce poWer and conduct current. Each cell relies 
on all the other cells for these functions. Additionally, all 
seals and electrical contacts must be made concurrently at 
the time of assembly of the stack, see FIGS. 2 and 3. 

[0013] The assembly of a traditional PEM cell stack Which 
comprises a plurality of PEM cells each having many 
separate gaskets Which must be ?tted to or formed on the 
various components is labor-intensive, costly and in a man 
ner generally unsuited to high volume manufacture due to 
the multitude of parts and number of assembly steps 
required. 
[0014] With the conventional PEM stack design 1, see 
FIG. 2, it is problematic to remove and repair an individual 
cell 2 (see FIG. 3) or to identify or test Which cell or cells 
in the stack may require repair due to leakage or perfor 
mance problems. In many cases the entire stack assembly is 
required to be dissembled. The disassembly of a stack 
consisting of multiple cells, each comprising separate cell 
components can be very costly as in many instances, after 
the removal of one cell, the gaskets of the remaining cells 
may need to be replaced before the stack can be reassembled 
and operated. Additionally, the potential for damage to the 
MEA is very high. Upon reassembly, there is no assurance 
of the performance or of a leak tight condition. This is a very 
time consuming and therefore costly process. 

[0015] Some patents of interest are listed beloW. 

[0016] R. G. Spear, et al. in US. Pat. No. 5,683,828, 
assigned to H PoWer Corporation disclose metal platelet fuel 
cells production and operation methods. 

[0017] R. G. Spear, et al. in US. Pat. No. 5,858,567, 
assigned to H PoWer Corporation disclose fuel cells employ 
ing integrated ?uid management platelet technology. 

[0018] R. G. Spear, et al. in US. Pat. No. 5,863,671, 
assigned to H PoWer Corporation disclose plastic platelet 
fuel cells employing integrated ?uid management. 

[0019] R. G. Spear, et al. in US. Pat. No. 6,051,331 
assigned to H PoWer Corporation disclose fuel cell platelet 
separators having coordinate features. 

[0020] These four US. patents to Spear et al. describe 
conventional fuel cell assembly. 
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[0021] W. A. Fuglevand, et al. in US. Pat. No. 6,030,718, 
assigned to Avista Corporation disclose a proton exchange 
membrane fuel cell poWer system. 

[0022] D. G Epp, et al. in US. Pat. No. 5,176,966 disclose 
a fuel cell membrane electrode and a seal assembly. 

[0023] W. J. Fletcher, et al. in US. Pat. No. 5,470,671 
disclose an electrochemical fuel cell Which employs ambient 
air as both oxidant and coolant. 

[0024] W. D. Ernest, et al. in Us. Pat. No. 5,945,232 
disclose a PEM-type fuel cell assembly having multiple 
parallel fuel cell sub-stacks employing shared ?uid plate 
assemblies and shared membrane electrode assemblies. 

[0025] R. A. Mercuri, et al. in US. Pat. No. 5,976,727 
disclose an electrically conductive seal for fuel cell compo 
nents. 

[0026] R. D. Breault, et al. in US. Pat. No. 6,020,083 
disclose a membrane electrode assembly for a PEM fuel cell. 

[0027] R. H. Burton, et al. in US. Pat. No. 6,057,054 
disclose a membrane electrode assembly for an electro 
chemical fuel cell and a method of making an improved 
membrane electrode assembly. 

[0028] J. A. Ronne, et al. in Us. Pat. No. 6,066,409 
disclose an electrochemical fuel cell stack With improved 
reactant manifolding and sealing. 

[0029] O. Schmidt et al. in US. Pat. No. 6,080,503 
disclose polymer electrolyte membrane fuel cells and stacks 
With adhesively bonded layers. 

[0030] Other art of general interest includes, for example: 
US. Pat. No. 5,338,621; European Patent 446,680; U.S. Pat. 
No. 5,328,779; US. Pat. No. 5,084,364; US. Pat. No. 
4,548,675 and US. Pat. No. 4,445,994. 

[0031] All of the references, patents, patent applications, 
standards, etc. cited in this application are incorporated by 
reference in their entirety. 

[0032] With reference to FIG. 3 and claims 1 and 2 of US. 
Pat. No. 6,080,503 Which is incorporated herein by refer 
ence, the adhesive bonding agent used is for bonding “a ?rst 
separator plate” and “a second separator plate” to a mem 
brane electrode assembly”, in the current embodiment a 
single separator plate is bonded to a single MEA and to 
manifolds Which are external to the membrane assembly 
With no through passages holing the membrane. This 
embodiment forms a fuel cell module (assembly). 

[0033] It is apparent from the above discussion that exist 
ing fuel cell technology can be signi?cantly improved using 
modular components and in the assembly of the multiple 
fuel cell unit (stack). This invention concerns an improved, 
integrated and modular BSP/MEA/Manifold assembly, 
Which facilitates single cell (module) leak and performance 
testing prior to assembly. It also eliminates gaskets betWeen 
adjacent BSP and simpli?es assembly. The present invention 
of modular, integrated units provides such improvements for 
a fuel cell. Speci?cally incorporated by reference in its 
entirety is pending U. S. Provisional Patent Ser. No. 60/226, 
471, ?led Aug. 18, 2000 and pending U.S. Ser. No. 
09/ , ?led Apr. 13, 2000 by Express Mail Certi?cate 
Number EL700013365US. 
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SUMMARY OF THE INVENTION 

[0034] This invention concerns an improved, integrated 
and modular BSP/MEA/Manifold, Which facilitates single 
cell (module) assembly as Well as composed leak and 
performance testing of the modules prior to stack assembly. 
It also eliminates inter BSP gaskets and seals and simpli?es 
cell assembly as Well as stack assembly. 

[0035] In addition, thin, ?exible or ridged BSPs are used 
to manage reactants and maintain separation of the fuel and 
oxygen (or air); provide structural support for the MEAs and 
provide electrical contact and conductance. They also pro 
vide for the decoupling of the electrical contacts and for the 
sealing from the fuel cell stack assembly, thus reducing 
mechanical dif?culties in manufacture and assembly, con 
ducting current more ef?ciently and eliminating serial seal 
ing problems. The present invention of modular, integrated 
units provides such improvements for a fuel cell. 

[0036] In particular, the present fuel cell comprises: 

[0037] 1. a single ?exible or ridged bipolar separator 
plate;. 

[0038] 2. a ?exible membrane electrode assembly; 

[0039] 3. a ?exible bond or seal interposed betWeen said 
?exible or ridged separator plate and said ?exible membrane 
electrode assembly Wherein said ?exible bond or seal may 
be or may not be an adhesive bond or seal Which encapsu 
lates edge portions of said ?exible or ridged separator plate 
and said ?exible membrane electrode assembly; 

[0040] 4. a manifold for the delivery and removal of 
reactants and reactant products to and from the fuel cell 
reactive areas Where said manifold may be either a single or 
multiple manifolds; and/or 

[0041] 5. a bond interposed betWeen said manifold and 
said ?exible or ridged separator plate, Wherein said bond 
af?xes said manifold to said ?exible or ridged separator plate 
and Wherein said bond provides a seal betWeen said mani 
fold and said ?exible or ridged separator plate to prevent the 
release of reactants from the fuel cell. 

[0042] In one embodiment the membrane electrode 
assembly has Within it incorporated or bonded reactant 
diffusion layers as a single assembly. 

[0043] In another embodiment the membrane electrode 
assembly is independent from the reactant diffusion layers. 

[0044] In another embodiment in the fuel cell the ?exible 
adhesive bond incorporates a gasket having adhesive on one 
side, on both sides or on neither side. This gasket material 
may be comprised of a single one-component material or a 
composite material composed of tWo or more components. 
The gasket material may be formed as a separate component 
or be formed on the surface of the separator plate or on the 
membrane electrode assembly. 

[0045] In another embodiment the adhesive bond is solely 
an adhesive Without the use of a gasket that may either be 
applied to the separator plate or to the membrane electrode 
assembly or to both. 

[0046] In another embodiment of the gasket material may 
be in the form of a foam composed of a single one 
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component material or a composite material composed of 
tWo or more components With or Without an incorporated 
adhesive. 

[0047] In another embodiment the adhesive is applied 
directly to the bipolar separator plate before placing and 
adhering the membrane electrode assembly to the bipolar 
separator plate. The adhesive functions as a sealant to 
con?ne the reactants and as a ?xative for securing the 
membrane electrode assembly to the separator plate. 

[0048] In another embodiment the sealing of the gasket is 
supported by the bending, rolling or crimping of the edge of 
the ?exible or ridged bipolar separator plate. 

[0049] In another embodiment the sealing of the gasket is 
supported by the clamping of the edge of the ?exible or 
ridged bipolar separator plate With auxiliary material Which 
causes the same effect of bending, rolling or crimping the 
edge for the ?exible or ridged bipolar separator plate. 

[0050] In addition, assembled and tested modular cells 
clearly shoWed measurable consistency betWeen cells. Even 
With a hand assembly technique nineteen demonstrated 
non-leaking cells operating as an ambient air natural con 
vection stack system at 25 mA/cm2 shoWed a variation 
Within 5% of the average cell voltage for the stack. 

[0051] The embodiments of the present invention differ 
considerably from US. Pat. No. 6,080,503 in as much as the 
present invention pertains to a single separator plate bonded 
to a single membrane electrode assembly as opposed to the 
conventional art teaching of tWo separator plates bonded to 
each side of a single membrane electrode assembly. The 
manufacturing improvement and increase in efficiency of 
these components is readily apparent. 

BRIEF DESCRIPTION OF THE FIGURES 

[0052] FIG. 1 is a schematic representation of the basic 
conventional fuel cell process. It shoWs the extracted hydro 
gen ions Which combine With oxygen across a PEM mem 
brane to produce electrical poWer. 

[0053] FIG. 2 is a schematic representation of the con 
ventional PEM fuel cell stack of electrodes compressed 
together With heavy end plates and tie rod bolts. 

[0054] FIG. 3 is a schematic representation of an 
exploded vieW of a conventional PEM single cell of a 
conventional fuel cell assembly. 

[0055] FIG. 4 is a schematic representation of an 
exploded vieW of a conventional PEM fuel cell stack of 
electrodes shoWing the arrangement of the internal and 
external parts. 

[0056] FIGS. 5A and 5B are a schematic representations 
of the obverse and reverse integrated and modular bipolar 
separator plate (BSP), membrane electrode assembly (MEA) 
and manifold. FIG. 5C is a schematic representation of 
reverse of an integrated and modular bipolar separator plate 
shoWing an alternate, vertical, arrangement of the compliant 
contacts. 

[0057] FIG. 6 is an exploded schematic representation of 
the integrated and modular fuel cell assembly. 

[0058] FIGS. 7A and 7B are detailed schematic represen 
tations of the integrated and modular cell assembly shoWing 
manifold and MEA attachments. 

Feb. 21, 2002 

[0059] FIGS. 8A, 8B, 8C and 8D are schematic represen 
tations of the integrated and modular cell components and 
assembly having a single manifold of the present invention. 

[0060] FIGS. 9A, 9B, 9C and 9D are schematic represen 
tations of a thin metal bipolar separator plates before (9A) 
and after (9B) crimping or rolling of the edges to support the 
MEA. 9C is a detail of the schematic representation of 9A 
and 9B. 

DETAILED DESCRIPTION OF THE 
INVENTION AND PREFERRED 

EMBODIMENTS 

[0061] De?nitions 

[0062] As described herein 

[0063] “BSP” refers to bipolar separator plates Which term 
is conventional in the art. 

[0064] “Flexible” refers to the BSP and/or MEA ability to 
?ex With the forces and pressures of operation. The bonds 
betWeen the components are substantially leak free. This 
?exibility assures that electrical contact is maintained by the 
compliant contacts as referenced in US. Ser. No. 60/226, 
471, ?led Aug. 18, 2000; and US. Ser. No. , ?led 
Apr. 13, 2001 (Express Mail No.: EL700013365US). 

[0065] “Materials of construction” refers to the conven 
tional materials that one of skill in the art Would normally 
select to produce a conventional fuel cell. Unless otherWise 
noted herein for the present invention, conventional mate 
rials of construction are used. 

[0066] “MEA” refers to the membrane electrode assem 
bly. 

[0067] “PEM” refers to proton exchange membrane—a 
component of a MEA and fuel cell. 

[0068] “Module” refers to identical single interchangeable 
separable components containing the bipolar separator plate, 
membrane electrode assembly, separate diffusion layers (if 
used), gaskets (if used), manifolds adhesives, and seals (if 
used) and comprises a single electrochemical cell. 

[0069] As stated above, traditional fuel cell design has 
relied on the “?lter press” type of fabrication and assembly, 
see FIG. 2, i.e., end-plates and tie-rods, to create suitable 
electrical contact betWeen the MEA and adjacent BSP, see 
FIG. 3. In the conventional fuel cell art, all the BSPs and 
MEAs must be assembled concurrently during the assembly 
of the fuel cell stack see FIG. 4. This assembly method 
requires that all manifold and membrane sealing as Well as 
electrical contact be accomplished at once When the stack of 
cells is in ?nal assembly. If there is leakage or poor electrical 
contact in a single cell, then all the cells of the stack must 
be disassembled for remediation. While there are other 
assembly methods used in the fabrication of fuel cell stacks, 
none use a true modular approach to fuel cell assembly. This 
is the case for US. Pat. No. 6,080,503 Wherein in the 
conventional art, a single MEA is “adhesively bonded to a 
pair of separator plates.” While the language of this issued 
patent uses the term “module,” these are not true single cell 
modules. They are better described as one and a half cell 
subassemblies, Which are then combined into a stack and 
“compressed betWeen tWo end plates in order to maintain 
good electrical plate-to-plate contact betWeen tWo adjacent 








