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nding Binder Enables Stable High-Areal-Capacity

A Review of Self-Healing Binders

Sun Qingyi, Liu Haihui*

School of Materials Science and Engineering, Tiangong University, Tianjin

Abstract: High-capacity anode materials such as silicon (Si) and silicon dioxide (SiO:) undergo substantial volume
changes during charge—discharge cycling, which can readily induce particle cracking, interfacial debonding,
disruption of conductive networks, and repeated reconstruction of the solid electrolyte interphase (SEI). These issues
impose stringent requirements on the mechanical adaptability and interfacial stability of binders. Self-healing
binders, based on reversible interactions such as hydrogen bonding, ionic interactions, metal coordination, and
dynamic covalent bonds, enable stress dissipation, crack healing, and network reconstruction, providing a promising
materials-design strategy for mitigating mechanical degradation in high-volume-change electrodes. This review
focuses on the fundamental healing mechanisms of self-healing binders, single and multiple dynamic networks,
hierarchical synergy between strong and weak bonds, and multifunctional design strategies. Particular attention is
given to the relationships between electrochemical performance and key factors, including dynamic bond strength,
crosslinking density, polymer-chain mobility, interfacial adhesion, and ionic/electronic transport. Recent advances
in the application of self-healing binders to Si, SiO-, and other related high-capacity anodes are also summarized.
Finally, current challenges and future perspectives are discussed in terms of healing effectiveness under practical
electrode conditions, standardized evaluation protocols, validation under high areal loading and in full cells, and
scalable manufacturing.

Keywords: self-healing binders; silicon anodes; dynamic bonds; structure—property relationships; lithium-ion
batteries
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