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 The PEFC is a clean and
efficient electrochemical 
energy conversion device

 The electrolyte is a proton-
conducting polymer
membrane with thickness 
around 30 m

 Current challenges: 
durability and cost

 Radiation grafted membranes
are potentially cost-effective 
and can be tailor-made to 
exhibit a wide range of 
properties

Proton conducting
membrane

Noble metal
catalyst

Gas
diffusion
layer (GDL)

The Polymer Electrolyte Fuel Cell (PEFC)

Radiation Grafted Membranes

Methacrylo-
nitrile (MAN)
(comonomer)

-Methyl-
styrene
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ETFE*

ETFE:

e-beam
irradiation

+ +

grafting

Proton conducting 
membrane

Pre-irradiation graft co-polymerization

 Functionalization of commercial film 

 Tailor-made composition / crosslinkingPartially fluorinated film

Mission in GreenPower

Properties

Performance

 Base film anisotropy, crystallinity, 
residual stress

 Degree of crosslinking
 Graft level

 Swelling
 Conductivity
 Tensile properties
 Viscoelastic response

Fuel cell operation
 Cell performance

(ohmic resistance)
 Durability (robustness 

in dynamic operation)

Proton conducting
membrane

Demonstrator:

6-cell stack with 
60 cm2 active area

0 1000 2000 3000

Lifetime  / h

Grafted membrane

Nafion 212a)

Nafion XL-100b)

2/3 of membranes
still intact @ 2‘400 h

Durability of membranes:

25 m
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Diisopropenyl-
benzene (DIPB)
(crosslinker)

sulfonation

Membrane-electrode 
lamination, fuel cell assembly

Feedback,
innovation 
cycle

Polymer morphology,
membrane compositon

Membrane electrode 
assembly (MEA)

Stack 
assembly

Viscoelastic Properties Fuel Cell Performance & Durability

1b: uncrosslinked membrane
2b: crosslinked membrane

Viscoelastic phase diagram
of Nafion and grafted proton 
conducting membranes
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(t)t=0:
extend film to 
constant elongation 0

Relaxation modulus Er(t):
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Different relaxation behavior:
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T = 80C, H2/O2, p = 2.5 bara

Fuel cell performance:

 Baseline membrane: 
low extent of surface 
functionalization

 Improve surface by preventing 
loss of surface-near radicals 
during film processing

Closed performance gap to 
commercial membrane

2' 2' 2'
Time

Current density
[A/cm2]

0.34
0.17

0.85

Simulated automotive drive cycle:

membrane

Commercial membranes:
a) thickness 60 m (wet) 
b) thickness 35 m (wet), reinforded

Radiation grafted membranes outlast 
commercial Nafion membranes

Nafion 212

Baseline

Optimized surface


