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Pre-lithiation technology for lithium-ion capacitors: Current
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Abstract: Lithium-ion capacitors (LICs) combine high energy density and high power density,
demonstrating considerable potential for several applications such as grid frequency
regulation and power compensation for data centers. However, the formation of the solid
electrolyte interphase (SEI) and irreversible lithium insertion into the anode during cycling lead
to substantial consumption of active lithium, considerably reducing the device performance.
Prelithiation is considered a key strategy to address this problem; nevertheless, deep
prelithiation induces "irreversible lithium" formation and SEI degradation. Thus, it is
challenging to simultaneously achieve high energy density and long cycle life. This review
systematically analyzes the critical roles of prelithiation in compensating for the initial lithium
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loss, constructing lithium reservoirs, and widening the operating voltage window, and it
reveals the generation mechanism of "irreversible lithium" under deep prelithiation conditions
as well as the SEI "self-accelerating" failure mechanism. In addition, four representative
prelithiation strategies, i. e., direct-contact, electrochemical, chemical, and cathode
prelithiation, are comparatively evaluated. The inherent limitations of these strategies in
addressing the fundamental trade-off between high lithium compensation and interfacial
stability are also discussed. Moreover, Recent advances in parameter regulation, interfacial
modification, and interphase composition optimization are summarized. The study indicates
that, from thermodynamic and kinetic perspectives, the existing strategies have not yet
fundamentally resolved the formation of “irreversible lithium. " Finally, future research
directions, including "irreversible lithium" mitigation at its origin, controllable fabrication of
hierarchical interfacial structures, and enhancement of the compatibility with scalable
engineering processes, are proposed to guide the design of high-performance LICs.

Keywords: lithium-ion capacitors; prelithiation; energy density improvement; cycle life

extension; interfacial stability; irreversible lithium
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