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FUEL CELL STACK ASSEMBLY WITH EDGE 
SEAL 

[0001] This is a continuation-in-part of US. application 
Ser. No. 09/666,736, ?led Sep. 20, 2000 Which is a continu 
ation-in-part of US. application Ser. No. 09/220,472, ?led 
Dec. 23, 1998. 

[0002] This is a related application to commonly oWned 
applications Ser. No. 09/176,355, ?led Oct. 21, 1998 and 
Ser. No. 09/182,959, ?led Oct. 30, 1998. 

[0003] The US. Government has a paid-up license in this 
invention and the right in limited circumstances to require 
the patent oWner to license others on reasonable terms as 
provided for by the terms of Contract No. DAAB07-97-C 
6006. 

TECHNICAL FIELD 

[0004] The present invention relates to proton exchange 
membrane fuel cells and membrane electrode assemblies for 
fuel cells. More speci?cally, the present invention relates to 
improved construction of fuel cells to simplify and reduce 
the cost of production of such cells. In addition, the present 
invention relates to methods for bonding fuel cell compo 
nents to one another as Well as sealing of the fuel cell stack. 

BACKGROUND ART 

[0005] Solid polymer electrolyte fuel cell poWer plants are 
knoWn in the prior art, and prototypes are even available 
from commercial sources. These systems are serviceable, 
but are relatively complex. An example of a polymer mem 
brane poWer plant is shoWn in US. Pat. No. 5,360,679, 
granted Nov. 1, 1994. 

[0006] In addition, knoWn fuel cell constructions com 
monly include a proton exchange membrane disposed 
betWeen respective cathode and anode plates. The general 
principles of construction and operation of such fuel cells 
are so Well knoWn that they need not be discussed here in 
great detail. In general, the operation of a proton exchange 
membrane (PEM) fuel cell includes the supply of gaseous 
fuel and an oxidiZing gas to the anode electrode plate and 
cathode electrode plate, respectively, and distributed as 
uniformly as possible over the active surfaces of the respec 
tive electrode plates, or, more speci?cally, the electrode 
plate surfaces facing the proton exchange membrane, each 
of Which typically includes a catalyst layer therebetWeen. An 
electrochemical reaction takes place at and betWeen the 
anode plate and cathode plate, With attendant formation of a 
product of the reaction betWeen the fuel and oxygen, release 
of thermal energy, creation of an electrical potential differ 
ence betWeen the electrode plates, and travel of electric 
charge carriers betWeen the electrode plates, With the thus 
generated electric poWer usually constituting the useful 
output of the fuel cell. 

[0007] One problem occurring in solid polymer fuel cells 
relates to the management of Water, both coolant and product 
Water, Within the cells in the poWer plant. In a solid polymer 
membrane fuel cell poWer plant, product Water is formed by 
an electrochemical reaction on the cathode side of the cells, 
speci?cally by the combination of hydrogen ions, electrons 
and oxygen molecules. The product Water must be draWn 
aWay from the cathode side of the cells, and makeup Water 
must be provided to the anode side of the cells in amounts 
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Which Will prevent dryout of the proton exchange mem 
brane, While avoiding ?ooding, of the cathode side of the 
electrode plate. 

[0008] Austrian Patent No. 389,020 describes a hydrogen 
ion-exchange membrane fuel cell stack Which utiliZes a ?ne 
pore Water coolant plate assemblage to provide a passive 
coolant and Water management control. The Austrian system 
utiliZes a Water-saturated ?ne pore plate assemblage 
betWeen the cathode side of one cell and the anode side of 
the adjacent cell to both cool the cells and to prevent reactant 
crossover betWeen adjacent cells. The ?ne pore plate assem 
blage is also used to move product Water aWay from the 
cathode side of the ion-exchange membrane and into the 
coolant Water stream; and to move coolant Water toWard the 
anode side of the ion-exchange membrane to prevent anode 
dryout. The preferred directional movement of the product 
and coolant Water is accomplished by forming the Water 
coolant plate assemblage in tWo parts, one part having a pore 
siZe Which Will ensure that product Water formed on the 
cathode side Will be Wicked into the ?ne pore plate and 
moved by capillarity toWard the Water coolant passage 
netWork Which is inside of the coolant plate assemblage. The 
coolant plate assemblage also includes a second plate Which 
has a ?ner pore structure than the ?rst plate, and Which is 
operable to Wick Water out of the Water coolant passages and 
move that Water toWard the anode by capillarity. The ?ne 
pore and ?ner pore plates in each assemblage are grooved to 
form the coolant passage netWork and reactant passage 
netWork, and are disposed in face-to-face alignment betWeen 
adjacent cells. The ?ner pore plate is thinner than the ?ne 
pore plate so as to position the Water coolant passages in 
closer proximity With the anodes than With the cathodes. The 
aforesaid solution to Water management and cell cooling in 
ion-exchange membrane fuel cell poWer plants is dif?cult to 
achieve due to the quality control requirements of the ?ne 
and ?ner pore plates, and is also expensive because the plate 
components are not uniformly produced. 

[0009] In the fuel cell technology, the Water transport plate 
is a porous structure ?lled With Water. During fuel cell 
operation, the Water transport plate supplies Water locally to 
maintain humidi?cation of a proton exchange membrane 
(PEM), removes product Water formed at the cathode, 
removes by-product heat via a circulating coolant Water 
stream, conducts electricity from cell to cell, provides a gas 
separator betWeen adjacent cells and provides passages for 
conducting the reactants through the cell. The Water trans 
port plate supplies Water to the fuel cell to replenish Water 
Which has been lost by evaporation therefrom. This system 
and operation thereof is described in US. Pat. No. 5,303,944 
by Meyer, US. Pat. No. 5,700,595 by Reiser and US. Pat. 
No. 4,769,297 by Reiser, each incorporated herein by ref 
erence. 

[0010] For a fuel cell to be economically feasible, it must 
not only have a superior design and have the desired 
performance but it must also be capable of being mass 
produced. The mass production of fuel cell components 
raises several issues Which are of great concern. The cost of 
production must be kept as loW as possible Without sacri 
?cing quality and ef?ciency of the cell. As fuel cell com 
ponents become more complex and more components are 
needed in a given fuel cell, the cost of that cell increases 
signi?cantly. 
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[0011] Fuel cell components, such as gas diffusion layers, 
catalyst layers, substrates, and Water transport plates are 
becoming increasing complex requiring precision dimen 
sioning. In particular, prior art fuel cell components com 
monly employ edge gaskets Which, in combination With the 
components above, require close tolerances in the manufac 
turing process to avoid the component being scrapped and to 
provide an effective seal. The requirement of maintaining 
close tolerances are necessitated due to the inherent step 
discontinuities associated With the employment of edge 
gaskets Within knoWn fuel cell assemblies. 

[0012] Further, a major concern With PEM fuel cells is 
reactant distribution and containment Within the cell. This is 
of particular concern When employing porous members such 
as electrode substrates. This porosity is needed to supply to 
and substantially uniformly distribute over the respective 
active surface the respective gaseous medium Which is fed 
through respective channels provided in the anode Water 
transport plate and the cathode Water transport plate to the 
areas of the respective electrode plate that are catalytically 
active and spaced from the proton exchange membrane. 
Also, these porous structures are used to remove the reaction 
Water from one of the active surfaces and supply of Water to 
the other active surfaces to avoid drying out of the proton 
exchange membrane. 

[0013] When porous Water transport plates and porous 
electrode substrates are employed in a PEM fuel cell, it is 
necessary to ensure that neither any liquid, such as product 
or coolant Water in a PEM fuel cell, nor any gaseous media 
such as the fuel or oxidant, be able to ?oW in or out of the 
periphery or edge of the respective porous Water transport 
plate or electrode substrate. The escape of reactant gases 
through the periphery or edge of the Water transport plates 
or electrode substrates results in the loss of the respective 
media causing a decrease in fuel cell ef?ciency. Most 
importantly, preventing the escape of gaseous media through 
the periphery or edge of the Water transport plate or elec 
trode substrate is critical to avoid the mixture of gaseous fuel 
With the oxidiZing gas or ambient air Which could be 
catastrophic. Therefore, manufacturing tolerances must be 
kept to a minimum and step discontinuities must be elimi 
nated to ensure effective sealing to realiZe proper fuel cell 
operation. Also, to avoid component corrosion, oxygen must 
be prevented from reaching the cathode catalyst in its 
corresponding seal area and the associated high potentials on 
the cathode side of the fuel cell. 

[0014] Various attempts have been made in the prior art to 
provide a seal design for a PEM fuel cell to minimiZe the 
effect of poor manufacturing tolerances and step disconti 
nuities. One such attempt is described in US. Pat. No. 
5,176,966 by Epp et al., incorporated herein by reference. 
For example, this patent discloses a solid polymer ion 
exchange membrane disposed betWeen tWo carbon ?ber 
paper support layers. Interdisposed betWeen the support 
layers and the exchange membrane are catalyst layers. The 
support layers support substantially the entire surface of the 
exchange membrane. HoWever, this construction is suscep 
tible to corrosion due to the poor peripheral sealing to 
prevent oxygen from reaching the cathode catalyst. For 
example, US. Pat. No. 5,264,299, incorporated herein by 
reference, also teaches such a construction. 

[0015] In addition to the foregoing considerations relating 
to sealing Within a PEM fuel cell, the bonding of fuel cell 
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components and materials used therefor are of critical con 
cern. The bonding of fuel cell components, particularly 
graphite Water transport plate cell components, together into 
sub-assemblies is highly desirable and Well knoWn in the 
industry. Current Water transport plates are commonly 
bonded together With a ?uoroelastomer, such as FLOURO 
LAST grade WB supplied by Lauren Manufacturing, NeW 
Philadelphia, Ohio, Which cures to form a small but mea 
surable buildup on the applied surface. This buildup is 
tolerable for large active area fuel cells Which can de?ect 
suf?ciently to maintain electrical contact in the active area. 
HoWever, fuel cells With small active areas suffer from a 
higher than desirable voltage drop because they are less 
tolerant to the ?uoroelastomer buildup. Efforts to solve this 
problem are addressed in commonly oWned applications Ser. 
No. 09/176,355, ?led Oct. 21, 1998 and Ser. No. 09/182,959, 
?led Oct. 30, 1998. 

[0016] Also, current graphite sub-assemblies are typically 
machined to include a step to accommodate a silicone 
coated ?berglass gasket. The edges of adjacent substrates are 
vacuum-impregnated With a tWo-part, liquid, silicone rubber 
Which is subsequently cured to form an edge seal. This 
common construction method suffers from the disadvan 
tages of being tedious, time consuming and expensive. 
These seals are relatively stiff and require high seating loads. 
As a result, this knoW method of construction provides 
unacceptable sealing performance. 

[0017] In vieW of the foregoing, an improved fuel cell is 
desired Which is inexpensive and capable of mass produc 
tion. Also, a fuel cell construction method is desired Which 
Will produce a loWer cost assembly With improved perfor 
mance While simplifying the stacking process during stack 
assembly. To avoid high seating loads, it is also desirable to 
eliminate stiff silicone-coated ?berglass gaskets in the fuel 
cell construction. It is also preferred that the sealing and 
bonding process be simpli?ed Without sacri?cing ef?cient 
operation of the cell. 

DISCLOSURE OF THE INVENTION 

[0018] The present invention preserves the advantages of 
prior art fuel cell assemblies. In addition, it provides neW 
advantages not found in currently available fuel cell assem 
blies, and overcomes many disadvantages of such currently 
available fuel cell assemblies. 

[0019] This invention is generally directed to a novel fuel 
cell With an improved component bonding and sealing 
construction. The preferred embodiment of the improved 
PEM fuel cell assembly construction consists of a proton 
exchange membrane having a central area and peripheral 
area on ?rst and second sides thereof. A cathode catalyst 
layer is disposed on the ?rst side of the proton exchange 
membrane in a region over the central area. An anode 
catalyst layer is disposed on the second side of the proton 
exchange membrane in a region over the central area. 

[0020] An anode gas diffusion layer is disposed on a side 
of the anode catalyst layer not in contact With the proton 
exchange membrane. An anode porous substrate is disposed 
on a side of the anode gas diffusion layers not in contact With 
the anode catalyst layer. 

[0021] An anode Water transport plate is disposed on a 
side of the anode porous substrate not in contact With the 
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anode gas diffusion layer. The anode Water transport plate 
has a central area and a peripheral area. A cathode Water 
transport plate is disposed on a side of the anode Water 
transport plate not in contact With the anode substrate. The 
cathode Water transport plate includes a central area and a 
peripheral area. 

[0022] A bonding and sealing layer of thermoplastic ?lm 
is disposed betWeen the anode Water transport plate and the 
cathode Water transport plate at respective peripheral areas 
thereof. The layer of thermoplastic ?lm bonds and seals the 
anode Water transport plate and the cathode Water transport 
plate relative to one another. 

[0023] A cathode substrate is disposed on a side of the 
cathode Water transport plate Which is not in contact With the 
anode Water transport plate. A cathode gas diffusion layer is 
disposed on a side of the cathode substrate Which is not in 
contact With the cathode Water transport plate. 

[0024] In addition to the preferred embodiment disclosed 
above, the present invention generally provides for the 
employment of thermoplastic material for sealing and bond 
ing of various components of a fuel cell. Fuel cells of 
different con?gurations may employ the thermoplastic mate 
rial layer of the present invention. For example, a fuel cell 
With or Without gas diffusion layers on the substrates and 
substrates Which are fully or partially Wetproofed can 
employ the present invention. As Will be discussed in detail 
beloW, various seal combinations can be carried out in 
accordance With the present invention. 

[0025] Also, in accordance With the present invention, a 
sub-stack assembly of a number of cells bonded together 
With thermoplastic ?lm is disclosed. Each of the individual 
cell components are bonded to one another With thermo 
plastic ?lm. A number of sub-stack assemblies are stacked 
and sealed relative to one another by a soft compliant gasket 
seal, such as a foam rubber or other suitable materials. As a 
result, only one soft foam rubber seal Would be required for 
each sub-stack assembly rather than for every cell. 

[0026] It is therefore an object of the present invention to 
provide a PEM fuel cell assembly Which has good sealing 
characteristics and is inexpensive to manufacture. 

[0027] It is also an object of the present invention to 
provide a PEM fuel cell assembly Which simpli?es the 
bonding and sealing manufacturing steps. 
[0028] It is further an object of the present invention to 
provide a PEM fuel cell assembly Which has more effective 
and reliable seals With less leaking. 

[0029] It is further an object of the present invention to 
provide a PEM fuel cell assembly Which employs inert 
materials that are less likely to introduce contaminants to the 
proton exchange membrane. 

[0030] It is also an object of the present invention to 
provide a PEM fuel cell assembly Which includes a mem 
brane electrode assembly Which realiZes loW scrap rates in 
production. 
[0031] It is another object of the present invention to 
provide a PEM fuel cell Which bonds and seals components 
With thermoplastic material rather than elastomers. 

[0032] It is another object of the present invention to 
provide a sub-stack assembly that includes stacked cells 
bonded to one another by thermoplastic material. 
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[0033] It is further object of the present invention to 
provide a sub-stack assembly Where a compliant gasket is 
only required betWeen each sub-stack assembly instead of 
betWeen each cell component to reduce cost and labor and 
reduce the probability of leaks. 

BRIEF DESCRIPTION OF THE DRAWINGS 

[0034] The novel features Which are characteristic of the 
present invention are set forth in the appended claims. 
HoWever, the inventions preferred embodiments, together 
With further objects and attendant advantages, Will be best 
understood by reference to the folloWing detailed descrip 
tion taken in connection With the accompanying draWings in 
Which: 

[0035] FIG. 1 is a perspective vieW of the PEM fuel cell 
employing the thermoplastic sealing and bonding layers of 
the present invention; 

[0036] FIG. 2 is a cross-sectional vieW through the line 
2—2 of FIG. 1; 

[0037] FIG. 3 is plan vieW of a cathode substrate of the 
present invention With peripheral application of thermoplas 
tic material thereon; 

[0038] FIG. 4 is a cross-sectional vieW of an application 
of the present invention Where thermoplastic ?lms are used 
to bond cells together to form a sub-stack assembly; and 

[0039] FIG. 5 is a cross-sectional vieW of another appli 
cation of the present invention Where thermoplastic ?lms 
and formed elastomer seals are use to bond cell components 
together. 

MODES FOR CARRYING OUT THE 
INVENTION 

[0040] Referring to both FIGS. 1 and 2, a proton 
exchange membrane (PEM) fuel cell assembly 10 is shoWn. 
It should be understood that this cell 10 is shoWn in its 
present con?guration to facilitate illustration of the present 
invention. A number of cell assemblies 10 are ideally 
stacked together, such as in a multi-cell stack, to form a 
completed fuel cell stack assembly. 

[0041] The assembly 10 includes a cathode Water transport 
plate 12 and anode Water transport plate 16 Which may be 
made in accordance With various methods of manufacturing 
knoWn in the art. The cathode Water transport plate 12 
includes cathode air ?oW channels 14 While anode Water 
transport plate 16 includes anode fuel ?oW channels 18. 
Cathode Water transport plate 12 includes coolant ?oW 
channel 26. Water transport plates 12 and 16 are preferably 
formed of graphite poWder, cellulosic ?bers, and reinforcing 
?bers all bonded together With a thermosetting resin and 
heat treated to convert the organic materials to carbon. 

[0042] Disposed betWeen cathode Water transport plate 12 
and anode Water transport plate 16 is a membrane electrode 
assembly (MEA), generally referenced as 20. Within the 
membrane electrode assembly 20, a cathode substrate 32 
With a cathode gas diffusion layer 50 thereon and impreg 
nated substrate edge seal 52 is provided. Seal 52 is prefer 
ably formed by extruding a thermoplastic polymer, such as 
KYNAR, available from Westlake Plastics, into the periph 
ery of the substrate. Cathode gas diffusion layer 50 is 
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substantially co-eXtensive With a central portion of cathode 
substrate 32 Which does not include seal 52. 

[0043] Also provided is anode substrate 34 With an anode 
gas diffusion layer 38 thereon and thermoplastic impreg 
nated substrate seal 36 Which may be formed in similar 
fashion to thermoplastic seal 52 and may employ similar 
materials. Anode gas diffusion layer 38 is substantially 
co-eXtensive With a central portion of anode substrate 34 
Which is not embedded With seal 36. Alternatively, the gas 
diffusion layers 38 and 50 may be, respectively, eliminated 
on either or both substrates 32 and 34. 

[0044] Anode catalyst 40 and cathode catalyst 44 are 
provided With proton eXchange membrane 48 sandWiched 
therebetWeen. Catalyst layers 40 and 44 are preferably 
co-eXtensive With a central portion of proton eXchange 
membrane 48. Catalyst layers 40 and 44 may be platinum or 
other suitable catalyst material. Preferably, catalyst layers 40 
and 44 are to be smaller in planform than membrane 48. 

[0045] BetWeen various components of the fuel cell 
assembly 10 of the present invention, thermoplastic material 
is provided to effectively bond and seal components of 
assembly 10 relative to one another and simplify the stack 
ing process. In particular, thermoplastic material 46, pref 
erably THERMOBOND ?lm, available from 3M Corpora 
tion, is provided betWeen cathode substrate seal 52 and 
proton eXchange membrane 48. Other suitable thermoplastic 
materials, such as TEDLAR, available from duPont, may be 
employed. In general, any thermoplastic material Which is 
heat and corrosion resistant and has a melting point betWeen 
ZOO-450° F. and Which is compatible With the environment 
of a PEM fuel cell is suitable to serve as the thermoplastic 
material. This thermoplastic material may be obtained as a 
?lm and cut to the desired siZe and con?guration. In addi 
tion, a foam tape 62 is provided betWeen cathode substrate 
32 and a shalloW land 70 in the cathode Water transport plate 
12 at their respective peripheral regions, particularly at seal 
52. Foam tape 60 is also provided betWeen anode substrate 
34 and a shalloW land 69 in the anode Water transport plate 
16 at their respective peripheral regions, particularly at seal 
36. A suitable foam tape is grade 4962 neoprene tape 
manufactured by 3M Which contains a tWo-sided adhesive. 
The preferred thickness of the foam tape is 0010-0030 
inches. Apreferred material is grade AR-8458 silicone foam 
With a pressure sensitive adhesive supplied by StockWell 
Rubber, Philadelphia, Pa. Any rubber foam that is compat 
ible With the fuel cell environment may be used. 

[0046] Anode substrate surface seal 42 is provided on 
anode substrate 38 Which is also preferably of thermoplastic 
material. Cathode substrate surface seal 46 is provided on 
cathode substrate 32 and is also preferably of thermoplastic 
material. Further and of critical importance, thermoplastic 
layer 68 is provided betWeen anode Water transport plate 16 
and cathode Water transport plate 12‘ of the neXt repeating 
cell stack. This enables effective and reliable bonding and 
sealing betWeen Water transport plates and, as stated above. 

[0047] As can be understood, repeated components in the 
cell stack also employ the same con?guration and sealing as 
described above. For eXample, second cathode Water trans 
port plate 12‘ is bonded and sealed to cathode substrate 32‘ 
at their peripheries by foam tape 62‘. Cathode diffusion layer 
50‘ is disposed on cathode substrate 32‘. Thermoplastic edge 
seal 52‘ is formed in cathode substrate 32‘ With thermoplastic 
seal 46‘ also provided. 
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[0048] FIG. 3 illustrates a plan vieW of the cathode 
substrate 32 With suitable substrate surface seal 46 having a 
Width 64 disposed about the entire peripheral edge portion of 
cathode substrate 32. Anode substrate 34 also has a suitable 
substrate surface seal 42 disposed about the entire peripheral 
edge portion of anode substrate 34 of the general plan layout 
shoWn in FIG. 3. 

[0049] In the manufacturing process, cathode substrates 
32, 32‘ and anode substrate 34 are porous carbon paper, such 
as grade TGP-006, obtained from Toray Marketing & Sales, 
Inc., Encino, Calif. These substrates maybe selectively Wet 
proofed With a ?uoropolymer such as grade FEP-120 Te?on 
obtained from the E. I. DuPont Co. of Wilmington, Del. to 
a ?uoropolymer concentration of 10 to 20 Weight percent. 
The cathode substrate 32 and anode substrate 34 are selec 
tively Wetproofed such that the central area 66 is Wetproofed 
and the peripheral seal area 46 is not Wetproofed. Alterna 
tively, the total area of the substrate may be Wetproofed. The 
Wetproo?ng can be applied by methods Well knoWn in the art 
such as screen printing. In still another alternative the 
substrate may not be Wetproofed. Gas diffusion layers 50 
and 38 are, respectively, applied to substrates 32 and 34. The 
so-called gas diffusion gas diffusion layers are typically 
formed from a high structure carbon black, such as Vulcan 
XC-72 made by the Cabot Co. of Billrecia, Mass., and 35-65 
Weight percent ?uoropolymer such as the FEP-120 previ 
ously referenced or grade TFE-30 or equivalent. The gas 
diffusion layer is applied by methods Well knoWn in the art 
such as commonly oWned US. Pat. No. 4,233,181. The gas 
diffusion layers are typically 0.002 inches to 0.005 inches 
thick. 

[0050] The fuel cell construction described in FIGS. 1-4 
are for a PEM cell that uses a porous Water transport plate 
as both the reactant ?oW ?eld and the cell separator. It is also 
knoWn to use non-porous plates as How ?elds, separator 
plates and cooler assemblies in PEM cells. The physical 
con?guration of seals in PEM cells With porous and non 
porous separator plates may be quite similar. The seal 
con?gurations described in FIGS. 1-4 are applicable to 
PEM cells With either porous or non-porous separator plates. 
The non-porous separator plates are frequently referred to as 
bi-polar separator plates. One skilled in the art Would realiZe 
that the cathode Water transport 12 and the anode Water 
transport plate 16 can be replaced by a non-porous separator 
plate Without substantially changing the design of the seals 
shoWn in FIGS. 1-4. For convenience We Will use the phrase 
separator plate to include either a porous Water transport 
plate or a non-porous separator. 

[0051] Manufacture of the fuel cell component assembly 
10 of the present invention, namely the employment of 
thermoplastic layers, Will be further clari?ed With reference 
to the folloWing illustrative eXample. Component tests Were 
performed to establish the bonding and sealing characteris 
tics of the improved cell. It is not, hoWever, meant to limit 
the scope thereof. Alternatively, the assembly provided by 
this invention may be used With non-porous reactant ?oW 
?eld plates in place of the preferred combined Water trans 
port plate/reactant ?oW ?eld. 

EXAMPLE 

[0052] Subscale (3‘><3‘) component fuel cell parts Were 
laminated together in one step With THERMOBOND 845 
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and THERMOBOND 845 EG polyole?n ?lms, manufac 
tured by 3M Corporation. A4 mil THERMOBOND 845 ?lm 
Was disposed between the Water transport plates and respec 
tive substrates. A 2 mil 845 EG ?lm Was placed betWeen the 
cathode Water transport plate and the anode Water transport 
plate halves. The thermoplastic ?lm Was cut into a frame 
form of 0.25 “ Wide and 2.87“><2.87 outside dimensions. The 
assembly Was placed into a Culver press and heated to 300 
degrees Fahrenheit. When the target temperature Was 
reached, a load of 450 psi Was applied on the seal area and 
held for 10 minutes. The assembly Was then cooled to 100 
degrees Fahrenheit and the load removed. The lamination 
procedure ?lls the substrate layers to form a gas-tight edge 
seal While simultaneously bonding the components together. 

[0053] This construction Was tested to determine the integ 
rity of the seals. The assembly Was vacuum ?lled With Water 
and pressure tested. No leaks Were observed When tested up 
to 25 psig. Lap shear specimens Were also prepared by 
bonding tWo 1“><6“><0.090“tin oXide treated Water transport 
plate panels to each other With the 845 EG thermoplastic 
?lm and pulling in tension With an Instron machine. Results 
shoWed that the bond Was stronger than the Water transport 
plate material. 

[0054] In vieW of the foregoing, the improved PEM fuel 
cell 10 of the present invention provides improved compo 
nent edge sealing and bonding by employment of layers of 
thermoplastic ?lms therebetWeen. The employment of such 
thermoplastic ?lms make the sealing of the component parts 
of the fuel cell 10 more effective and reliable While permit 
ting less leakage than prior art fuel cell assemblies. In 
addition, the use of thermoplastic ?lms for bonding and 
sealing results in the use of more inert materials Which 
reduces the likelihood of introducing contaminants to the 
proton eXchange membrane. Since the thermoplastic mate 
rial, such as hot melt glue, does not cure, it can be re-melted 
as necessary to achieve the thin ?lm needed for a loW 
voltage drop in a PEM fuel cell assembly. The thermoplastic 
material has further advantages in that it is readily commer 
cially available in preform ?lm con?gurations Which can be 
cut into the desired gasket form for ease of installation. 
Various combinations of seals With different types of ther 
moplastic materials for different components of the fuel cell 
may be used depending on the application. For eXample, 
thermoplastic material may be employed on certain compo 
nents While elastomer or other materials be used on other 
components. In general, a thermoplastic material layer may 
be employed as needed throughout a fuel cell to take 
advantage of the desirable characteristics of using such a 
thermoplastic material layer. 

[0055] The use of thermoplastics, in accordance With the 
present invention, may speci?cally be employed to address 
a problem in the prior art associated With unitiZing PEM 
electrode assemblies Where soft foam rubber seals are 
required betWeen every Water transport plate and MBA. The 
use of foam rubber seals in this volume makes stacking 
tedious, labor intensive and costly. Further, the introduction 
of many lineal feet of gaskets increases the probability of 
leakage during cell operation. 

[0056] In accordance With the present invention, as shoWn 
in FIG. 4, a number of fuel cells 102, such as 5-20 in 
number, are stacked and bonded together by thermoplastic 
material to form a sub-stack assembly 100. By Way of 
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eXample, 2 cells 102 are shoWn. Each of the individual cell 
components are bonded to one another With thermoplastic 
?lm 104. Anumber of sub-stack assemblies 100 are stacked 
and sealed relative to one another by a soft compliant gasket 
seal 106, such as a foam rubber or other suitable materials. 
The seal maybe a molded con?guration Which contains 
ridges that increase the sealing pressures and thereby 
improves the effectiveness of the seal. As a result, only one 
soft foam rubber seal 106 Would be required for each 
sub-stack assembly 100 rather than for every cell. 

[0057] Still referring to FIG. 4, the cell components are 
stacked to form a sub-stack assembly 100 and then lami 
nated in a single step, or multiple steps, at elevated tem 
perature and pressure. In particular, in each cell 102, a 
cathode Water transport plate 108 is bonded to one side of 
the MEA by a thermoplastic ?lm 104 While an anode Water 
transport plate 112 is bonded to the opposing side of the 
MEA 110 by a thermoplastic ?lm 104. Further, a thermo 
plastic ?lm 104 is employed to bond and seal individual cells 
102 together Within a sub-stack assembly 100. A compliant 
gasket 106, such a foam rubber tape, is positioned in a 
peripheral edge portion of the anode Water transport plate 
112 for the top cell 102 of the sub-stack assembly 100. The 
sub-stack assembly 100, as shoWn, may be easily stacked 
and sealed With other sub-stack assemblies 100 (not shoWn), 
using a soft foam rubber gasket 106, to form a completed 
fuel cell stack of the desired siZe. 

[0058] In accordance With the present invention, the bond 
ing material employed may be a thermoplastic polymer, a 
thermoset polymer or an elastomer. The thermoset polymer 
may be a phenolic polymer. The thermoset polymer may be 
an epoXy polymer and the elastomer may be a silicone 
polymer. The thermoplastic material may be polyole?n, 
polyvinyl ?uoride or polyvinylidine ?uoride. Further, the 
gasket material may be neoprene rubber or silicone rubber. 

[0059] With the present invention, the stacking of multiple 
cells 102 is less tedious, less labor intensive and less costly. 
A fuel cell stack, employing the sub-stack assembly 100 of 
FIG. 4, achieves a better seal and is less prone to leaks than 
cell stacks that employ gaskets betWeen each cell compo 
nent. Further, the use of sub-stack assembly 100, as in FIG. 
4, permits each bonded sub-stack assembly 100 to be 
pressure tested prior to installation into a large stack. If a 
leak is discovered during pressure testing, it can be easily 
repaired by re-melting the thermoplastic ?lm 104 by sub 
jecting the sub-stack assembly 100 to another lamination 
cycle. Also, if a sub-stack assembly 100 sustains damage, it 
can be easily be replaced With another sub-stack assembly 
100. The foregoing repairs are signi?cantly more time 
consuming and costly if foam rubber gaskets Were employed 
betWeen each cell component. In vieW of the foregoing the 
sub-stack assembly 100 of the present invention is advan 
tageous over the prior art fuel cell assemblies. 

[0060] In accordance With the present invention, another 
application of the present invention, Where thermoplastic 
?lms and formed elastomer seals are use to bond cell 
components together, is shoWn in FIG. 5. This further 
alternative embodiment 200, a number of fuel cells 202 are 
stacked With a formed soft compliant gasket seal 206 
therebetWeen. By Way of eXample, 2 cells 202 are shoWn. In 
accordance With the present invention, many fuel cells, such 
as 10 to 300, may be stacked together to form a fuel cell 
stack 200. 
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[0061] Each of the individual cell components are bonded 
to one another With thermoplastic ?lm 204. Unlike the 
embodiment shoWn in FIG. 4, the assembly shoWn in FIG. 
5 employs formed soft compliant gaskets 206, preferably 
elastomer, about its periphery and betWeen each of the fuel 
cells 202. The formed elastomer seal 206 may be a molded 
con?guration With contoured shapes that increase the local 
sealing pressures and thereby improves the effectiveness of 
the seal. As a result, one seal 206 is employed for each fuel 
cell 202. 

[0062] Still referring to FIG. 5, the cell components are 
stacked to form a sub-stack assembly 200 and then lami 
nated in a single step, or multiple steps, at elevated tem 
perature and pressure. In particular, in each cell 202, a 
cathode Water transport plate 208 is bonded to one side of 
the MEA 210 by a thermoplastic ?lm 204 While an anode 
Water transport plate 212 is sealed to the opposing side of the 
MEA 210 by the compliant elastomer seal 206. Alterna 
tively, the cathode Water transport plate 208 may be sealed 
to one side of the MEA 210 With the formed compliant 
gasket 206 While the anode Water transport plate 212 is 
bonded to the MEA 210 by thermoplastic ?lm 204 (not 
shoWn). Alternatively, the formed compliant elastomer seal 
206 may be attached to one or both of the electrode 
substrates 32, 34 shoWn in FIG. 2 instead of the cathode 
Water transport plate 208 and the anode Water transport plate 
212. As a result, elastomer seals 206 are employed to bond 
and seal individual cells 202 together Within a sub-stack 
assembly 200. 

[0063] With the embodiment shoWn in FIG. 5, each fuel 
cell 202, With its associated formed elastomer seal 206 
provides a modular fuel cell 202 suitable for modular 
stacking With other cells to form a fuel cell stack of the 
desired siZe. The present invention shoWn in a PEM fuel cell 
assembly that uses a Water transport plate. HoWever, the 
invention may also be used in a fuel cell that employs solid 
?oW ?elds instead of a Water transport plate. 

[0064] The assembly of FIG. 5 has many advantages over 
the prior art. The stacking of multiple cells 202 is less 
tedious, less labor intensive and less costly With the assem 
bly of FIG. 5. As a result, the stack assembly 200 may be 
desensitiZed to the location of the formed elastomer seal 
206. The elimination of a formed elastomer seal at either the 
cathode Water transport plate 208 or the anode Water trans 
port plate 212 obviates the need for machining a step both 
the cathode Water transport plate 208 and the anode Water 
transport plate 212. Also, the MEA 210 may be bonded 
directly to one of the cathode Water transport plate 208 or the 
anode Water transport plate 212 Which can save processing 
steps by integrating this bonding step With the MEA bonding 
cycle. 

[0065] Further, the use of only one formed elastomer seal 
206 in communication With the MEA210 obviates the need 
for precise alignment of formed seals on opposing sides of 
the MEA210, as found in the prior art. As a result, the exact 
location of the formed elastomer seal 206 is not critical to 
proper functioning of the fuel cell stack 200 and high contact 
stresses of the formed elastomer seal 206 are absorbed more 
effectively against the rigid surface of a Water transport plate 
rather than other fuel cell components. Moreover, the 
removal of a machined seat on one of the Water transport 
plate in contact With the MEA 210 provides a smoother 
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surface of the fuel cell stack 200 for receipt in an external 
manifold seal to seal against because there are 50 percent 
feWer gaps to ?ll for sealing. 

[0066] The use of a formed elastomer seal 206 for each 
fuel cell, in accordance With FIG. 5, still provides the 
?exibility of permitting removal of the separate fuel cells 
202 for maintenance, replacement, or the like. Therefore, 
modular fuel cell construction can be realiZed. 

[0067] In accordance With the present invention, the bond 
ing material employed may be a thermoplastic polymer, a 
thermoset polymer or an elastomer. The thermoset polymer 
may be a phenolic polymer. The thermoset polymer may be 
an epoxy polymer and the elastomer may be a silicone 
polymer. The thermoplastic material may be polyole?n, 
polyvinyl ?uoride or polyvinylidine ?uoride. Further, the 
gasket material may be neoprene rubber or silicone rubber. 

[0068] It Would be appreciated by those skilled in the art 
that various changes and modi?cations can be made to the 
illustrated embodiments Without departing from the spirit of 
the present invention. All such modi?cations and changes 
are intended to be covered by the appended claims. 

What is claimed is: 
1. Aproton exchange membrane fuel stack cell assembly, 

comprising: 

a plurality of fuel cells stacked upon one another With a 
peripheral seal disposed betWeen each of said fuel cells; 

each of said plurality of fuel cells including a separator 
plate; a membrane electrode assembly With a ?rst side 
and a second side; a separator plate bonded to said 
membrane electrode assembly With bonding material 
on said ?rst side; a formed seal located on a peripheral 
portion of said separator plate on said second side. 

2. The proton exchange membrane fuel cell assembly of 
claim 1 Wherein said bonding material is a thermoplastic 
polymer. 

3. The proton exchange membrane fuel cell assembly of 
claim 1 Wherein said bonding material is a thermoset poly 
mer. 

4. The proton exchange membrane fuel cell assembly of 
claim 1 Wherein said bonding material is an elastomer. 

5. The proton exchange membrane fuel cell assembly of 
claim 3 Wherein the thermoset polymer is a phenolic poly 
mer. 

6. The proton exchange membrane fuel cell assembly of 
claim 3 Wherein the thermoset polymer is an epoxy polymer. 

7. The proton exchange membrane fuel cell assembly of 
claim 4 Wherein the elastomer is a silicone polymer. 

8. The proton exchange membrane fuel cell assembly of 
claim 2, Wherein said thermoplastic material is a polyole?n 
material. 

9. The proton exchange membrane fuel cell assembly of 
claim 2, Wherein said thermoplastic material is a polyvinyl 
?uoride material. 

10. The proton exchange membrane fuel cell assembly of 
claim 2, Wherein said thermoplastic material is a polyviny 
lidine ?uoride material. 

11. The proton exchange membrane fuel cell assembly of 
claim 1, Wherein said formed seal is a formed elastomer. 

12. The proton exchange membrane fuel cell assembly of 
claim 1, Wherein said formed seal is silicone rubber. 
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13. The proton exchange membrane fuel cell assembly of 
claim 1, Wherein said formed seal is a neoprene rubber. 

14. A fuel cell stack assembly, comprising: 

a plurality of fuel cells stacked upon one another With a 
peripheral seal disposed betWeen each of said fuel cells; 

each of said plurality of fuel cells each including a 
separator plate; a membrane electrode assembly With a 
?rst side and a second side; a membrane electrode 
bonded to said separator plate With bonding material on 
said ?rst side; a formed seal located on a peripheral 
portion of said membrane electrode assembly not 
bonded to said separator plate. 

15. The fuel cell assembly of claim 14 Wherein said 
bonding material is a thermoplastic polymer. 

16. The fuel cell assembly of claim 14 Wherein said 
bonding material is a thermoset polymer. 

17. The fuel cell assembly of claim 14 Wherein said 
bonding material is an elastomer. 

18. The fuel cell assembly of claim 16 Wherein the 
thermoset polymer is a phenolic polymer. 

19. The fuel cell assembly of claim 16 Wherein the 
thermoset polymer is an epoXy polymer. 

20. The fuel cell assembly of claim 17 Wherein the 
elastomer is a silicone polymer. 

21. The fuel cell assembly of claim 15, Wherein said 
thermoplastic material is a polyole?n material. 

22. The fuel cell assembly of claim 15, Wherein said 
thermoplastic material is a polyvinyl ?uoride material. 

23. The fuel cell assembly of claim 15, Wherein said 
thermoplastic material is a polyvinylidine ?uoride material. 

24. The fuel cell assembly of claim 14, Wherein said 
formed seal is a compliant gasket material is a formed 
elastomer. 

25. The fuel cell assembly of claim 14, Wherein said 
formed seal is silicone rubber. 
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26. The fuel cell assembly of claim 14, Wherein said 
formed seal is a neoprene rubber. 

27. A fuel cell assembly, comprising: 

a membrane electrode assembly having a ?rst side and a 
second side; 

a separator plate bonded With bonding material to said 
?rst side of said membrane electrode assembly; and 

a formed elastomeric seal positioned at the periphery of 
and on a side of said membrane electrode assembly 
plate not bonded to said separator plate. 

28. The fuel cell assembly of claim 27, Wherein said 
bonding material is selected from the group consisting of 
thermoplastic polymer, thermoset polymer and elastomeric 
polymer. 

29. The fuel cell assembly of claim 27, Wherein said 
formed seal is selected from the group consisting of neo 
prene rubber, formed elastomer and silicone rubber. 

30. A fuel cell assembly, comprising: 

a membrane electrode assembly having a ?rst side and a 
second side; 

a separator plate bonded to said ?rst side of said mem 
brane electrode assembly; 

a formed elastomeric seal positioned at the periphery of 
and on a side of said separator plate not bonded to said 
membrane electrode assembly. 

31. The fuel cell assembly of claim 30, Wherein said 
bonding material is selected from the group consisting of 
thermoplastic polymer, thermoset polymer and elastomeric 
polymer. 

32. The fuel cell assembly of claim 30, Wherein said 
formed seal is selected from the group consisting of neo 
prene rubber, formed elastomer and silicone rubber. 

* * * * * 


