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Abstract: Driven by the “dual-carbon” strategy, which accelerates energy structure transformation, the
market demand for high-performance electrochemical energy storage systems has surged significantly.
Lithium-ion energy storage devices, leveraging the low atomic weight and low electrode potential of
lithium, exhibit substantially higher energy density than other systems and have become a core pillar of
modern energy infrastructure. However, their energy density and cycle life still struggle to meet the
escalating application requirements, with the irreversible loss of active lithium in anode materials
constituting the primary constraint. Prelithiation technology addresses this by introducing an additional
lithium source to regulate active lithium precisely, significantly enhancing initial coulombic efficiency and
overcoming the application bottleneck of high-capacity materials. Furthermore, it compensates for lithium
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loss during cycling to extend cycle life and effectively modulates the anode potential window, ensuring
stable operation of specialized devices while increasing single-cell energy density. This review
systematically summarizes the principles and characteristics of three representative anode prelithiation
techniques developed in recent years, including contact prelithiation, electrochemical prelithiation, and
chemical prelithiation. It comparatively analyzes the improvements these techniques impart on key energy
storage device parameters (initial Coulombic efficiency, cycle life, rate capability, and energy density) based
on core operational metrics, including methodology, prelithiation speed and precision, residue control, and
active lithium utilization. Considering industrial compatibility, implementation complexity, cost-
effectiveness, and economic balance, the review critically assesses the industrial potential and existing
challenges of each technique, summarizing realized industrial application cases. From an engineering
application perspective, it synthesizes the technical advantages and disadvantages, outlines future
development trends and research directions to address current limitations, and aims to provide theoretical
guidance for commercial technology advancement.
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Fig.1  Anode prelithiation and its research trends

(a)schematic diagram of anode prelithiation; (b)publication proportion of various anode prelithiation processes in the literature

(data were collected from Web of Science, up to July 2025)
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Fig.2 Contact prelithiation using metallic lithium

(a)self-discharge contact prelithiation"*?!; (b)roll-to-roll contact prelithiation™®; (¢)prelithiation through lithium mesh™";

(d)differences between lithium deposition prelithiation and mechanical rolling prelithiation®; (e )preparation of ultrathin lithium

foil using three-dimensional current collectors'®; ()schematic diagram of the prelithiation buffer layer
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Fig.3 Schematic illustration of SLMP prelithiation

(a)morphology of SLMP'); (b)simple blade-coating SLMP prelithiation'*”/; (¢)slmp prelithiation by dry pressing method 7/

(d)spray-coating SLMP prelithiation'™’; (¢) SLMP prelithiation through slurry preparation
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Fig.5 Schematic illustration of electrochemical prelithiation

(a)morphology of porous electrode'®'; (b)three-electrode electrochemical prelithiation

(d)prelithiation under lithium-free conditions by utilizing copper corrosion
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Fig.6  Schematic illustration of chemical prelithiation

(a)roll-to-roll chemical prelithiationmg] ; (b)schematic illustration of hard carbon chemical prelithiation

1O (¢)influence of solvent

molecular structure on the reduction potential of chemical prelithiatio”®; (d)influence of solvent matching on the reduction potential

of chemical prelithiation''®’; (e)schematic illustration of the mechanism of chemical prelithiation
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Table 1  Comparison of prelithiation techniques and application potential

Contact prelithiation Contact prelithiation

Contact prelithiation using Electrochemical

Technique o ) o o Chemical prelithiation
using lithium metal using SLMP lithium alloy prelithiation
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improved stability improved stability no introduction of inert efficiency;precise

components potential control

Bottleneck Lithium utilization; safety Electrode preparation; Electrode preparation; Complex process; low Adverse effects on

concerns cost; safety concerns

Safety concerns

inert residue; performance; efficiency ; uniformity

performance; safety

concerns
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equipment in controlled equipment in controlled equipment in controlled available

environment environment

available

environment
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