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Lignin In-situ Self-assembly Facilitates Biomimetic Multiphase Structure for
Fabricating Ionic Conductive Elastomer

Lu Chuanwei', Wang xinyu!
1. College of Chemical Engineering, Nanjing Forestry University, Nanjing 210037

Abstract: [Objective] The modification of natural lignin that preserves its original structure for constructing
ionic conductors (ICs) with soft-hard multiphase structures integrated with multiple noncovalent interactions is a
highly desirable but challenging process. Herein, we present a new lignin mediated biomimetic multiphase structure
integrated with multiple noncovalent interactions for fabricating strong, tough, and conductive ICs with high
elasticity and solvent resistance, as well as good anti-freezing and self-healing properties. [Method] In this study,
ChCl, AA, a renewable vanillin-derived monomer (VAM), and a lignin-derived macro-crosslinker (LSM) are easily
polymerized in one-pot to generate an IC via UV-induced radical polymerization. And the mechanical properties,
conductivity, environmental adaptability and wearable sensor properties of ICs were analyzed by tensile tests,
electrical conductivity measurement and sensor tests. [Result] 1) Owing to the polymerization of acrylic acid, the
solubility of lignin in the system gradually decreases. Therefore, lignin starts to in-situ self-assemble into rigid
nanosphere structure crosslinkers via noncovalent interactions, such as m-n interaction and hydrogen bonds. This
structure is essential to realize the microscale biomimetic design of soft—hard two-phase structures. 2) The ionic
conductor possessed high tensile strength of 7.14 MPa, toughness of 23.3 MJ/m?3 and maintained the high elasticity,

owing to the increase in the rigidity of polymeric chains and larger number of noncovalent interactions, such as
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hydrogen bonds and dipole—dipole interactions. 3) The conductivity of ICs was 0.33 x 10~ S/cm at 25 °C and 0.25
x 107 S/cm at —20 °C, suggesting a potential applicability of the studied ICs in cold environments. 4) The high-
performance strain and pressure sensors manufactured from these materials demonstrated satisfactory sensitivity (S
= 0.358-0.653), relatively fast response (386 ms), and long-term reliability (1300 cycles), which allow their
potential applications in multifunctional wearable sensors for monitoring human motions, facial expression,
speaking, and handwriting and pressure sensor arrays. [ Conclusion] A lignin mediated ICs with biomimetic
multiphase structure based on polymerizable deep eutectic solvents paves the way for the fabrication of sustainable
and multifunctional wearable sensors suitable for harsh environments.
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