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Ideal proton exchange membrane: 
(1) high H+ conductivity and (2) low H2 crossover.

Surface defects can affect both these factors
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Top row: Graphene transfer from Cu film to Nafion membrane
Bottom row: Electrode pressing onto Nafion-Graphene-Nafion membrane 
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Electrodes were pressed for all sample at 
the same T and P2 = 200 psi

Graphene as a Selective Membrane Why defects matter? Graphene Growth and Transfer

Proton Conductivity and H2 Crossover Measurements through Graphene Membrane
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Schematic of steps of CVD 
growth of Graphene

Ideal proton exchange membrane = LOW resistance to H+ transport, 
LOW H2 crossover

Graphene transfer onto nafion successful at T = 115oC, 130oC and 
145oC

Electrode pressing onto membrane failed at T = 115oC

Gas phase measurements show that pressing parameters influence 
surface defects

From the studied parameters, membrane fabricated with hot-press 
conditions of 145oC and 600 psi showed best performance 
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Control 
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Slope of I-C curve = H+ Conductivity Limiting Current = Crossover Current 
at 0.4V
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(a) Graphene transferred onto nafion on PTFE
(b) Graphene on Nafion
(c) Electrodes hot pressed onto membrane
(d) Electrodes delaminating from membrane.
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(a) SEM and (b) STM micrograph of Graphene grown 
on Cu (circle = atomic scale defect)
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Control 130oC, 200 psi

Gr Sample 
130oC, 600 psi
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Membrane Assembly

Schematic of hydrogen fuel cell

(d)

(a)

(b)

(c) (d) Schematic of roll-to-roll CVD
(a) Outer winding of graphene  

= tensile stresses, more 
surface cracks (c)

(b) Inner winding of graphene 
= compressive stresses, 
less surface defects (d)
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