TiO2 Surface-Functionalized Graphite-Silicon Composite anode for Li-Ion Batteries
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The development of high capacity and long cycle life anode materials for high-energy-density lithium-ion batteries is the need for meeting the growing demand in portable electronics and electric vehicles. This study presents the fabrication and electrochemical evaluation of a TiO2 coated graphite–silicon composite anode (GSTO) for high energy density lithium-ion batteries. Incorporation of silicon, possessing a high theoretical capacity of 4200 mAhg⁻¹, contributes significantly toward enhancing the overall energy density, while the TiO2 layer effectively mitigates the severe volume expansion of silicon during intercalation and de-intercalation of Li-ion into the host. Structural and morphological investigations using X-ray diffraction (XRD), field emission scanning electron microscopy (FESEM), and energy-dispersive X-ray spectroscopy (EDS) confirm the successful synthesis of the GSTO composite exhibiting a distinctive doughnut-like morphology. The electrochemical behavior of pristine graphite–silicon (GS) and TiO2 modified GSTO electrodes was systematically investigated. The GSTO electrode demonstrates a reversible specific capacity of 356 mAhg⁻¹ after 100 cycles at a C/2 rate, whereas the pristine GS electrode retains only 180 mAhg⁻¹ under identical testing conditions. Electrochemical impedance spectroscopy further reveals lower resistance values for the GSTO electrode, indicating improved charge-transfer kinetics and enhanced interfacial stability due to TiO2 surface modification. Additionally, the structural degradation behavior of the electrodes during prolonged cycling through post-mortem analysis shows the lower volume expansion after TiO2 coating. Overall, this work highlights the potential of TiO2-engineered graphite–silicon composite anodes for practical lithium-ion battery applications requiring high energy density along with stable cycling performance.
