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Project Summary 

Fossil fuels are the primary sources of power and energy to the mankind even today. Cost
effective and environmentally friendly alternate energy sources alleviate problems associated 
with fossil fuels. Development of cost-effective fuel cells along with a high performance has 
been the objective of several research works. Direct Methanol Fuel Cells (DMFCs) are 
attractive due to their simple working principle, portability, low operation temperatures, 
convenient fuel storage and high energy density of methanol. This research will involve 
synthesis of novel ternary nanocomposites for proton exchange membranes for DMFC and 
determination of their selectivity. In this work, several metal organic frameworks (MOFs) will 
be synthesized for fabrication of sulfonated polyether ether ketone (SPEEK) based polymer 
composite membrane. Furthermore, based on their performance this MOFs will be modified 
with graphene oxide (GO) and noble nanoparticles (NPs) to make novel ternary composites 
which will increase the membrane selectivity for DMFC application. GO will be synthesized 
using modified Hummers ' method then a general strategy will be developed for grafting the 
noble metal nanoparticles on the GO sheet. The functional groups and constituent elements 
will be characterized by Fourier transform infrared, X-ray photoelectron spectroscopies. The 
surface morphology will be analyzed by scanning electron, transmission electron and atomic 
force microscopies. The crystallinity and thermal stability will be assessed using X-ray 
diffraction and thennogravimetry. The physicochemical properties of the SPEEK and SPEEK 
composite membranes such as ion exchange capacity (IEC), water uptake, methanol 
permeability, and proton conductivity will also be measured. The development of these 
efficient membranes will maintain a significant improvement in blocking of methanol upon 
modification of base polymer using novel composites. On the other hand, the composite 
membranes will show an increased conductivity phenomenon with higher unit cell performance 
compared to that of benchmark Nafion-117 membrane. 


