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Introduction: Fuel cell technology offers a viable alternative clean energy source owing to the absence of harmful byproducts. Chemical energy produced from the electrochemical reaction of fuel with oxidant is converted to electrical energy and water. With such demand for clean and sustainable energy source, the challenge is to develop polymer electrolyte membranes that are cost-effective and made from abundant, indigenous and biodegradable source such as polysaccharides. This study deals with the preparation and characterization of a biopolymer-based polymer electrolyte membrane with nanocellulose functionalized with imidazole as a filler. Cellulose is a -D-glucopyranose-based linear homopolysaccharide and are connected together by -(1, 4) glycosidic linkages.
Methods: The cellulose nanocrystals (CNCs) were stirred with a magnetic stirred in nanopure water for 1.5 hours at ambient temperature. In order to introduce ionic functional group into the CNC, varying amounts of imidazole were added. The mixture was stirred for 2 hours at room temperature and then subjected to sonication for 20 minutes. The resulting functionalized CNC was dried in an oven.
Result: The CNC/Im FT-IR spectrum indicates attachment of imidazole on the cellulose after doping. The imidazole molecule's secondary amine may have induced bond vibration between 3500 and 3300 cm-1, forming a spike in the spectra. A series of peaks were also observed around 1100–1300/cm attributable to various vibrational modes of C-O groups whereas glycosidic peak appeared at around 830- 875/cm. Meanwhile, the Tg values of the CNC/Im were 75, 85 and 89oC with CNC/Im10, CNC/Im30 and CNC/Im50, respectively. Further, DSC results indicate that the melting temperatures (Tm) for the imidazole functionalized CNC tend to increase with increasing amount of imidazole which was recorded from 250o to 270oC. EIS results for Nafion containing NC/Im/silica yielded a fair conductivity of 0.176 mS/cm at room temperature.
Conclusion: This study demonstrated the preparation and characterization of imidazole- functionalized cellulose nanocrystals as nanofiller for a biopolymer-based polymer electrolyte membrane. The results show that the modification of CNC using imidazole yielded fair increase in the conductivity. Next stage for this study is to investigate the performance characteristics of Nafion-based composite membranes doped with imidazole-functionalized CNC as filler, at high temperature PEMFC applications.
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