
 

 

  
Abstract—A proton exchange membrane has been developed for 

direct methanol fuel cell (DMFC). The nanofiber network composite 
membranes were prepared by interconnected network of Nafion 
(perfuorosulfonic acid) nanofibers that have been embedded in an 
uncharged and inert polymer matrix, by electro-spinning. The 
spinning solution of Nafion with a low concentration (1 wt% 
compared to Nafion) of high molecular weight poly(ethylene oxide), 
as a carrier polymer. The interconnected network of Nafion 
nanofibers with average fiber diameter in the range of 160-700nm, 
were used to make the membranes, with the nanofiber occupying up 
to 85% of the membrane volume. The matrix polymer was 
crosslinked with Norland Optical Adhesive 63 under UV. The 
resulting membranes showed proton conductivity of 0.10 S/cm at 
25°C and 80% RH; and methanol permeability of 3.6 x 10-6 cm2/s. 

 
Keywords—Composite membrane, electrospinning, fuel cell, 

nanofibers. 

I. INTRODUCTION 
UEL cells are becoming a very good alternative and 
reliable source of power in our world today, considering 

the impact of fossil fuel on the environment [1], [2]. Fuel cells 
like Direct Methanol Fuel Cells (DMFCs) are now widely 
used in portable electronic devices because of their advantages 
they possess for electronic devices and transportation 
applications. A very important part in direct methanol fuel 
cells, possibly the heart, is proton exchange membranes, 
(PEMs). It is very important that a good PEM transport proton 
as well limit fuel crossover. 

Perfluorosulfonated polyelectrolytes such as Nafion, 
Aciplex, and Flemionhave been used as PEMs for fuel cells 
[3]. Major drawback they possess is the level of permeation 
fuel infuses through them. Research has grown over the years 
to develop PEMs that could limit this disadvantage. Recent 
studies have proposed several routes towards achievement of 
this purpose. Fabrication and mechanical alterations of 
polyelectrolytes and blending of available PEMs are used 
commonly by several research groups [4]. Making 
organic/inorganic micro- or nanocomposite membranes is 
another successful way for improvement of PEM performance 
in DMFC applications [2], [5], [6]. Fibrous membranes are 
another type of membranes recently applied for gas/liquid 
separation and hemodialysis applications due to their unique 
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properties such as high specific surface area and good 
mechanical properties [7].  

For several decades, electrospining has existed [8] and is 
one mostly used method for producing fibrous nano materials 
for medical and filteration purposes from both natural and 
synthetic materials [9]. A number of polymers with potential 
applications as proton conductors have been fabricated by 
electrospinning process. Examples are poly(ether sulfone) [9], 
polysulfone [10], polystyrene [11], polybenzimidazole [12], 
and poly(acrylic acid) [13].  

In this study, Nafion nanofibers have been fabricated via 
electrospinning technique and membranes based on Nafion 
nanofiber mat have been fabricated and studied for potential 
application in DMFCs.       

II. EXPERIMENTAL 

A. Materials 
Nafion 5 wt% solution, Nafion117 membrane, 

poly(ethylene oxide), 2-propanol,sulfuric acid, and methanol 
were purchased from Sigma Aldrich Industries. 

B. Nanofiber Fabrication  
Electrospinning solution was prepared as follows. Nafion 

solution of 5wt% was purchased from Sigma Aldrich and the 
2-propanol/water solvent (3/1 v/v) in the Nafion solution was 
removed by evaporation. The Nafion powder was re-dissolved 
in a 2-propanol/water (2/1 wt/wt) mixture, to give a total 
Nafion solution concentration of 30 wt%. Poly(ethylene 
oxide) (PEO) (MW 300,000 g/mol) used was purchased from 
Sigma Aldrich. The Nafion/dopant electrospinning solutions 
were prepared by dissolving Nafion powder in 2-
propanol/water (2/1 wt/wt) to obtain 30wt% Nafion solution. 
The carrier polymer, PEO, was dissolved in the same mixed 
solvents (2-propanol/water) at a concentration of 10wt%. The 
Nafion solution and the 10wt% PEO were mixed together in 
the solvent. The weight ratio of Nafion to carrier polymer was 
99/1 for PFSA/PEO, while the total polymer, (Nafion + PEO), 
concentration in actual electrospinning Nafion/PEO solution 
ranged from 5wt% to 25wt%. 

Nafion® (1100 EW)/PEO (300,000 MW) (99/1 wt/wt) 
solutions with 5wt% to 25wt% polymer concentrations were 
electrospun using a home-made, static collector 
electrospinning apparatus. The applied voltage between the 
aluminum collector and the spinneret was 6.0–8 kV, the 
spinneret-to-collector distance was 8cm, and the solution flow 
rate was 0.20 mL/hr. 

The as-spun mats fiber volume fraction was inadequate for 
fuel cell membrane applications. The proton-conducting phase 
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