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Abstract: Hybrid Li-ion capacitors (HyLICs), combining high energy density, high-rate
performance, and long cycle life, have recently emerged as a research hotspot in the field of
new energy storage. Owing to its cost-effectiveness and long cycle life, lithium iron phosphate
(LiFePO,, LFP) is the preferred battery material for constructing hybrid cathodes in HyLICs.
Employing LFP/activated carbon (AC) composite cathodes, the potential variations of graphite
and hard carbon (HC) anode systems during the electrochemical testing of HyLICs are
investigated, after which the cycled electrodes were characterized. The results confirm that
HC exhibits an excellent rate, cycling performance, and faster ion-diffusion kinetics compared
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with graphite. Moreover, the graphite anode system suffers from excessively low anode
potentials during cycling, and this induces Li dendrite formation, causing severe damage to
the anode. Conversely, although the HC system increases cathode potential, it does not affect
the cathode structure. Employing the (LFP/AC)||HC system, various LFP materials are also
evaluated, with LFP-3 emerging as the optimal candidate. The HyLICs assembled with LFP-3

exhibit a specific energy of 183.5 Wh/kg, a specific power of 10.4 kW/kg based on the
cathode and anode active materials, rate capabilities of 94.5%@30C and 83.7%@60C, and a
significantly high capacity-retention rate of 86.5% after 9000 cycles at 9C. This work

systematically explores the differences in the electrical performances and potential variations
of LFP-based HyLICs across different anode systems, providing theoretical support and
experimental basis for developing commercial high-power and long cycle life HyLICs.

Keywords: hybrid Li-ion capacitor; LiFePO,; composite cathode; graphite; hard carbon
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Fig. 3 The cathode and anode characterization after cycling of (LFP/AC)||Gr and (LFP/AC)||HC, (a) digital
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Fig. 4 SEM (a)—(f), XRD patterns (g) and particle size distribution curves (h) of different LFP materials
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