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Abstract Lithium-ion batteries (LIBs) are powerful energy storage devices with several advantages, including high energy
density, large voltage window, high cycling stability, and eco-friendliness. However, demand for ultrafast charge/discharge per-
formance is increasing, and many improvements are needed in the electrode which contains the carbon-based active material.
Among LIB electrode components, the conductive additive plays an important role, connecting the active materials and enhan-
cing charge transfer within the electrode. This impacts electrical and ionic conductivity, electrical resistance, and the density of
the electrode. Therefore, to increase ultrafast cycling performance by enhancing the electrical conductivity and density of the
electrode, we complexed Ketjen black and graphene and applied conductive agents. This electrode, with the composite con-
ductive additives, exhibited high electrical conductivity (12.11 S/cm), excellent high-rate performance (28.6 mAh/g at current
density of 3,000 mA/g), and great long-term cycling stability at high current density (88.7 % after 500 cycles at current density
of 3,000 mA/g). This excellent high-rate performance with cycling stability is attributed to the increased electrical conductivity,
due to the increased amount of graphene, which has high intrinsic electrical conductivity, and the high density of the electrode.
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Fig. 1. FESEM images of (a) KB and (b) graphene.
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Fig. 2. (a) XRD result and XPS results of (b) KB and (c) graphene.
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Fig. 5. (a) Nyquist plots, (b) Warburg impedance, and (c) Li* diffusion coefficient of KB:Graphene = 7:3, KB:Graphene = 5:5, KB:Graphene =

3:7, and KB:Graphene = 0:10 electrode.
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