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Abstract

This study aims to investigate the recycling of lithium-ion batteries by utilizing
graphite from the anode as a raw material for the synthesis of reduced graphene oxide
(rGO), and to evaluate the environmental impacts of the production process using Life
cycle assessment (LCA). The experimental procedure consists of synthesizing graphene
oxide from graphite via the Modified hummers’ method, followed by the reduction of
graphene oxide using two reducing agents ascorbic acid and sodium borohydride.
The material properties were characterized using fourier transform infrared
spectroscopy (FTIR) to analyze surface functional groups field emission scanning
electron microscopy (FESEM) to examine morphology, and cyclic voltammetry (CV) to
evaluate electrochemical performance. The results demonstrate that reduced
graphene oxide can be successfully synthesized from graphite recovered from recycled
lithium-ion batteries. FTIR analysis indicates a reduction in oxygen-containing functional
groups after the reduction process. FESEM images reveal that the structure of reduced
graphene oxide consists of thin, wrinkled and-more distorted sheets compared to
graphene oxide. Electrochemical measurements show that the specific capacitance
values of graphite, graphene oxide, reduced graphene oxide reduced by ascorbic acid
and reduced graphene oxide reduced by sodium borohydride are 54.85, 79.88, 152.10,
and 88.20 F/g, respectively. These results indicate that the reduction process
significantly enhances the electrochemical performance of the material. The life cycle
assessment results reveal that the highest environmental impact category is marine
ecotoxicity, followed by freshwater ecotoxicity, metal resource depletion, and climate
change. Furthermore, sodium borohydride is identified as the major contributor to
environmental impacts, accounting for approximately 70% of the total impact. In
conclusion, recycling lithium-ion batteries to recover graphite for the production of
reduced graphene oxide is a promising approach to add value to battery waste and
reduce the consumption of natural resources. However, improving energy efficiency
and selecting environmentally friendly reducing agents are essential strategies to

further minimize the environmental impacts of the production process in the future.



