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The rapid advancement in the field of flexible and wearable electronics has significantly increased the demand for conductive materials fabrication on biodegradable and sustainable substrates. Conventional substrates used for Laser-induced graphene (LIG) fabrication, particularly Polyimide (PI), exhibit excellent thermal stability and conductivity but suffer from limited biodegradability or limited recyclability and poor environmental sustainability. Therefore, the development of biodegradable and low-cost conductive materials for flexible electronics and electrochemical sensing applications has attracted increasing attention. In this work, an approach for fabricating paper-based LIG (Paper-LIG) using biodegradable Whatman filter paper as a low-cost precursor. Laser irradiation using CO2 was used for the conversion of cellulose into conductive graphitic network by the laser adjustments of key processing parameters including laser power, speed, interval, and scribing mode (focus and defocus). To accelerate the carbonization and to suppress the combustion, the paper was pre-treated with flame retardant (FR). The systematic analysis revealed that the fluence and focal conditions critically determines the graphitization and interconnected conductive graphitic pathways of LIG. This is confirmed by the sheet resistance measurements and Raman spectroscopy. Even though these cellulose derived electrodes show remarkable promise towards green electronics and disposable sensors, different challenges remaining regarding uniform conductivity, electrochemical stability and uncontrolled capillary driven liquid leaking (wicking). This study investigates the laser-material interaction mechanisms governing cellulose conversion and leads to the development of rapidly manufacturable, Paper-LIGs as sustainable green electrodes of high customizability for next-generation flexible electronics and sensing applications.
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