
Author’s Accepted Manuscript

Spray-Painted Graphene Oxide Membrane Fuel
Cells

T. Bayer, R. Selyanchyn, S. Fujikawa, K. Sasaki,
S.M. Lyth

PII: S0376-7388(17)31087-6
DOI: http://dx.doi.org/10.1016/j.memsci.2017.07.012
Reference: MEMSCI15417

To appear in: Journal of Membrane Science

Received date: 17 April 2017
Revised date: 26 June 2017
Accepted date: 7 July 2017

Cite this article as: T. Bayer, R. Selyanchyn, S. Fujikawa, K. Sasaki and S.M.
Lyth, Spray-Painted Graphene Oxide Membrane Fuel Cells, Journal of
Membrane Science, http://dx.doi.org/10.1016/j.memsci.2017.07.012

This is a PDF file of an unedited manuscript that has been accepted for
publication. As a service to our customers we are providing this early version of
the manuscript. The manuscript will undergo copyediting, typesetting, and
review of the resulting galley proof before it is published in its final citable form.
Please note that during the production process errors may be discovered which
could affect the content, and all legal disclaimers that apply to the journal pertain.

www.elsevier.com/locate/memsci

http://www.elsevier.com/locate/memsci
http://dx.doi.org/10.1016/j.memsci.2017.07.012
http://dx.doi.org/10.1016/j.memsci.2017.07.012


1 

 

Spray-Painted Graphene Oxide Membrane Fuel Cells 

T. Bayer
1,2*

, R. Selyanchyn
1
, S. Fujikawa

1
, K. Sasaki

1-4
 and S. M. Lyth

1,5
 

1 
International Institute for Carbon-Neutral Energy Research (WPI-I2CNER), Kyushu University, 744 

Motooka, Nishi-ku, 819-0395, Fukuoka, Japan 

2 
Next-Generation Fuel Cell Research Center (NEXT-FC), Kyushu University, 744 Motooka, Nishi-ku, 

819-0395, Fukuoka, Japan  

3 
International Research Center for Hydrogen Energy, Kyushu University, 744 Motooka, Nishi-ku, 819-

0395, Fukuoka, Japan 

4 
Department of Mechanical Engineering, Kyushu University, 744 Motooka, Nishi-ku, 819-0395, 

Fukuoka, Japan  

5 
Energy2050, Department of Mechanical Engineering, University of Sheffield, S10 2TN, UK 

*
Corresponding author. bayer.thomas.905@m.kyushu-u.ac.jp 

 

Abstract 

Graphene Oxide (GO) is potentially a useful electrolyte material for polymer electrolyte membrane fuel 

cells due to its high strength, excellent hydrogen gas barrier properties, hydrophilicity, and proton 

conducting acidic functional groups. Here, GO paper is prepared from aqueous dispersion by vacuum-

filtration, and the hydrogen permeability (2x10
-2 

barrer) is measured to be 3 orders of magnitude lower 

than Nafion (30 barrer) at 30°C. The in-plane and through-plane conductivities are measured to be 49.9 

and 0.3 mS cm
-1

, respectively. This significant anisotropy is attributed to the lamellar structure of GO, 

and the physical anisotropy between the thickness and lateral size of the GO nanoplatelets. Interestingly, 

the in-plane conductivity of GO is comparable to the through-plane conductivity of Nafion. GO 

membrane fuel cells (GOMFCs) are fabricated. To compensate for the low in-plane conductivity of GO, 

whilst taking advantage of the excellent hydrogen gas barrier properties, extremely thin electrode-

supported GOMFCs are prepared by spray painting GO directly onto the electrocatalyst layer. The effect 

of membrane thickness on cell performance is investigated. Decreasing membrane thickness by spray 

painting improves the power density from 3.7 mW cm
-2

 for a 50 μm-thick membrane-supported GOMFC, 

to 79 mW cm
-2

 for a 3 µm-thick, spray-painted membrane, electrode-supported GOMFC. 
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