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Seven-Layer Membrane Electrode Assembly 

An Innovative Approach To PEM Fuel Cell Design��
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·  Develop and characterise a 
prototype fuel cell based on 
a combined flow field plate 
and membrane electrode 
assembly, called a 7-layer 
MEA.   

·  Demonstrate the working 
endurance of the 7-layer 
MEA in up to 1000 hours in 
single cell configuration. 

·  Demonstrate performance 
gains, in terms of fuel cell 
power density and in terms 
of balance of plant, that are 
possible by using an 
optimised 7-layer MEA 
coupled to a low pressure-
drop flow field polar plates. 

·  Demonstrate further cost 
reductions, in the fuel cell 
system, via materials 
development, component 
integration and advanced 
manufacturing techniques. 
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An examination into the reduction 
of cost of fuel cell components was 
a major target for this project.  Two 
main lower cost component 
materials were investigated: those 
for the flow field plate (FFP) and as 
alternative gas diffusion layers 
(GDL). 
A module concept was also 
achieved by extending the 5-layer 
membrane electrode assembly 

(MEA) concept by bonding it to the 
FFPs, now called a 7-layer MEA.  
This route negated the need for an 
additional seal and simplified the 
production stages necessary to 
yield a cell.  The unitised cell was 
viewed as a single cell module and 
it was demonstrated that this 
technology could be extended into 
a multi-cell stack.  
The new bonded module was run 
successfully in-cell for over 300 
hours with no loss of performance.  
There were some failures, these 
were associated with delamination 
of the bond between FFP and core 
5-layer MEA and the solution to this 
problem is associated with the 
choice of materials used in the 
extended membrane and the 
surface finish of the FFP.  
Modifications were made that 
significantly improved this 
behaviour, but the development of 
the bonding technology is 
considered necessary. 
With such a module it is possible to 
considerably reduce the number of 
components and the risk of stack 
building.  For a 200-cell stack, 
based on individual cells, 1004 
parts would be needed to build the 
stack, if based on a 5-cell module 
the part count the stack builder 
sees is reduced dramatically to 40. 
In addition to the design of the 
module, the design flow field on the 
FFP was developed.  The concept 
called ‘biomimetic’, resulted in 
gases being fed and distributed 
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more evenly over the active area, 
compared with the traditional 
serpentine pattern.  The designs 
had been formed from initial 
concepts using computational fluid 
dynamics (CFD) modelling.  A 
simple model was developed 
during the project for use, in-house, 
that would allow more rapid design 
iterations to be formulated.  This 
model was limited in its scope in 
that it did not account fully for all 
the electrochemistry and water 
movement; hence additional 
simulations were carried out for 
water movement through the 
structure of the flow field.  The work 
showed that there are design limits 
outside of which water, generated 
in operation or condensed from the 
humidification of the cell, would be 
trapped and reduce the cell 
performance.  
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The total cost of this project is 
£1204222, with the Department of 
Trade and Industry (DTI) 
contributing £602111, and £602111 
the balance. 
�
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The barriers to commercialisation 
of PEM fuel cells are associated 
more with the cost than the 
inherent suitability of the 
technology.  An examination at 
component cost reduction was a 
major target for this project.  Two 
main lower cost component 
materials were investigated: those 
for the flow field plate (FFP) and as 
alternative gas diffusion layers 
(GDL).  The concept of using a 
coupled 7-layer membrane 
electrode assembly (MEA) was 
also investigated, as a bonded, 
unitised module.  This has a 
twofold benefit to the customer: 
increased reliability and reduced 
cost.   
 

Figure 1 showing the 7-layer MEA as a bonded 
module, demonstrating the simplicity to fuel cell 
construction the concept offers ����
 
The module approach can provide 
advantages by substantially 
reducing the component count of a 
stack and allowing alternative, 
lower cost approaches to cell 
construction.  The cost saving 
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strategies investigated in this study 
can be summarised as follows:  
 

·  Reduction in basic materials 
production cost.  

·  Removing components 
through new cell design and 
construction technology. 

·  Reduction in the quantity of 
expensive materials, such 
as the membrane and FFP-
material.  
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Low-cost carbon composite 
materials were developed for the 
FFPs – this was achieved by use of 
a different production route and 
understanding the process 
variables’ influence on properties 
and also by aiming for a near-net-
shape forming route, see Figure 2.  
The near-net-shape forming was 
not completed and the programme 
used a new machining route as an 
intermediate stage to introduce the 
flow fields.  In parallel, lower cost 
GDLs were used in the 5-layer 
MEA.  These offered excellent in-
cell performance and are suited for 
the new format of 7-layer MEAs 
developed in this work. 
�

The sulphonated membrane films 
are expensive and the investigation 
used a technique whereby the MEA 
incorporated a low cost material in 
the non-active area.  In a similar 
way the use of more expensive 
FFP material was restricted to the 
active area by use of a low cost 
polymer frame.  The materials used 
for the frame and insert had 
matched expansion coefficients 
and techniques for producing a gas 
tight bond between frame and 
insert were developed. 
 

The module concept was achieved 
by using the extended 5-layer MEA 
to bond the FFPs together; this 
negated the need for an additional 
seal and simplified the production 
stages necessary to yield a cell.  
The unitised cell was viewed as a 
single cell module and it was 
demonstrated that this technology 
could be extended into a multi-cell 
module.  The bonded cell provides 
the advantage of gas tightness 
combined with protection from fibre 
penetration from the GDLs and a 
rigid, robust module that can be 
layered easily into the stack.  
Indeed, the module allows great 
advantages for the stack producer 
as it would reduce the overall cost 
of their product by reduction in 
failures and build cost.  To give 
confidence in the product it is 
suggested that initial modules 
would be fully tested for gas 
leakage and cross over and for 
electrical continuity.  A technique to 
run these tests was designed and 
could be used to identify any 
failures prior to stack building.�
�

�
Figure 2. Pressed to size flow field in EF200 to 
demonstrate possibility of near net shape 
forming technology�
�
In addition to the design of the 
module, the flow field design (FFD) 
was developed.  The design 
concept of a ‘biomimetic’ flow field 
(BFF) was produced.  This was a 
design whereby the reactant gases 
are fed and distributed more evenly 
over the active area of the cell.  
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The BFFs are characterised by a 
series of feed and drain channels 
that are separated by columns that 
constitute a pseudo-permeable 
structure.  The design of the BFF 
was developed from the initial 
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 concept using computational fluid 
dynamics (CFD) modelling see 
Figure 3.  A simple model was 
developed to use in house that 
would allow more rapid design 
iterations to be formulated.  This 
model was limited in its scope in 
that it did not account fully for all 
the electrochemistry and water 
movement; hence additional 
simulations were carried out for �
water movement through the 
structure of the BFF. �
�
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·  The bonded module was run 
successfully in-cell for over 
300 hours with no loss of 
performance�

·  With the module it is 
possible to considerably 
reduce the number of 
components and the risk of 
stack building.  For a 200-
cell stack, based on 
individual cells, 1004 parts 
would be needed to build the 
stack, for the same 200-cells 
stack based on a 5-cell 
module the part count the 
stack builder sees is 
reduced dramatically to 40.  

This represents a saving of 
potentially over 10-times that 
of the current materials�

·  In addition to the design of 
the module the flow field 
design was also developed.  
The concept is called 
‘biomimetic’, and resulted in 
gases being fed and 
distributed evenly over the 
active area.  A simple CFD 
model was developed to use 
in house that allowed more 
rapid design iterations of 
various flow fields to be 
formulated.�

·  Low-cost carbon composite 
materials were developed 
for the FFPs; this was 
achieved by use of a 
different production route 
and understanding the 
process variables’ influence 
on properties.  �

�
� � � � � � �� @�5� � �5� � � � � �� � � � � � �� @�5� � �5� � � � � �� � � � � � �� @�5� � �5� � � � � �� � � � � � �� @�5� � �5� � � � � �
) � � � @� � � � � �) � � � @� � � � � �) � � � @� � � � � �) � � � @� � � � � � ����
�

·  The possibility for near net 
shape forming has been 
demonstrated but will 
require more materials 
development and tooling 
design. 

·  There is the potential to use 
thinner plates within a 
module, since these are 
made more robust by 
incorporation into the 
module.  This should result 
in less cooling plates and 
hence decreased stack 
volume, and an increased 
power density from the 
stack. 

·  The biomimetic design, if not 
optimised, can tend to hold 
water in the ‘convoluted-
barrier’ regions.  The design 
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needs to be optimised for 
different run conditions 
expected. 

·  Development of materials for 
GDLs will require an 
examination of the mass 
production techniques, to 
further reduce costs. 

·  Reduction in the amount of 
membrane used, to cover 
the active area only, and the 
use of the bonded border 
should be examined for use 
outside of the module 
application. 

·  The FFP material needs 
more development in terms 
of composition and 
processing.  Successful near 
net shape forming has 
potentially large implications 
for the fuel cell industry, as 
the material properties are 
good and costs very low 

·  A combined MEA/FFP 
bonded module offers stack 
producers great savings in 
terms of stack assembly 
costs.  Further development 
of module-to-module seals 
and alignment is required to 
offer further cost and 
technological benefits. 

·  There is also the potential of 
the addition of ‘health 
monitoring’ to such modules 
to aid maintenance via 
bonding-in of temperature 
and voltage sensors etc., 
these should be examined. 
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