Tailoring the Surface of Gr-Si Composite Anode to Develop High Energy Density Li-Ion Batteries
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This study reports the development and performance evaluation of a high energy density lithium-ion battery employing a new composite anode (Gr-Si composite reinforced with TiO2: GSTO). The GSTO anode significantly enhances energy density due to participation of silicon (theoretical capacity of 4200 mAhg-1) and shell of TiO2 supports in the decrement of volume expansion of silicon during lithiation/de-lithiation process. Structural and morphological characterization via X-ray diffraction (XRD), field emission scanning electron microscopy (FESEM), and energy-dispersive X-ray spectroscopy (EDS) confirms the formation of first-time synthesized GSTO composite with doughnut type morphology. Further, the electrochemical performance of pristine Gr-Si composite (GS)  and GSTO are assessed at room temperature. The GSTO electrode delivers a reversible capacity of 356 mAhg-¹ after 100 cycles at a C/2 rate, whereas the GS electrode shows a capacity of only 180 mAhg⁻¹ under identical conditions. Impedance analysis reveals reduced resistance values for the coated electrode, suggesting enhanced charge transfer and interfacial stability. The study also explores structural degradation of electrode during cycling. This part will be discussed during presentation.  This work advances silicon-based anode integration in practical cells, demonstrating feasibility for applications of high energy densities without compromising cycle life.
