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Novel membranes with different compositions and 

architectures are required for the commercialization of PEM 

fuel cells. Electrospinning is a versatile fabrication technique 

to form nanofiber composite/hybrid fuel cell membranes 

compared to solution-cast polymer blends. Among the other 

hybrid or composite membranes, silica-based membranes for 

PEM fuel cells have various advantages such as low cost, 

high water retention capacity, and relatively high ionic 

conductivity [1]. In this respect, hybrid membrane fabrication 

with organic and inorganic constituents via electrospinning 

technique is considered attractive due to the long-range 

organization of hydrophilic and hydrophobic parts in the 

nanoscale [2].  

In this work, we combined sulfonated silica, which is cheap 

and stable at low humidity, with a carrier polymer via 

electrospinning technique to obtain mechanically strong, 

proton conductive, long-range ordered organic/inorganic 

interfaces. Thus, it is aimed to obtain high conductivity and 

high power output at both low and high humidity feed gas 

conditions by means of electrospinning and sulfonated silica. 

Here, sol-gel process was used to carry out the reaction 

between tetraethyl orthosilicate (TEOS) and 3-

(trihydroxysilyl)-1-propanesulfonic acid (or 2-(4-

chlorosulfonylphenyl)ethyltrichlorosilane). By means of this 

method sulfonated silica sol-gel were synthesized in a single 

step without further modifications. After that the prepared 

sol-gels were mixed with PVDF as the carrier polymer,  then 

mixture was utilized to fabricate electrospun membranes. 

Firstly, the electrospinning solution and electrospinning 

parameters were optimized to achieve a homogeneous 

nanofiber network. After obtaining a nanofiber hybrid mat, it 

was hot-pressed and annealed into a denser mat form. 

Consequently, scanning electron microscopy (SEM) 

technique was used to analyze the nanofiber structure and 

morphology. The ionic conductivity, water uptake and 

mechanical strength of the resultant hybrid membranes were 

also examined. As seen in SEM micrograph, homogeneous 

fiber mat was obtained (Figure 1). Electrospun membranes 

showed enhanced mechanical strength and relatively high 

ionic conductivity at low humidity. Moreover, membrane-

electrode-assemblies  

(MEAs) were fabricated by using hybrid electrospun 

membranes and commercial catalyst sprayed electrodes, and 

fuel cell tests were also performed at different feed gas 

humidity conditions.  

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

Figure 1.  SEM micrograph of hybrid electrospun membranes 
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