Functional Polyurethane-Based Layers for Aqueous Sodium-Ion Energy Storage Systems
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Aqueous sodium-ion batteries (ASIBs) have emerged as a promising and sustainable alternative to lithium-ion technology for large-scale energy storage applications. [1] Nevertheless, challenges associated with electrode integrity, interfacial stability and environmental sensitivity continue to limit their widespread implementation. In particular, the choice of binder plays a critical role in maintaining electrode cohesion and ensuring stable electrochemical operation. Conventional binders, such as poly(vinylidene fluoride) (PVDF), are widely employed but exhibit limited elasticity and require processing in toxic organic solvents. [2] They also often fail to accommodate the mechanical stresses generated during repeated cycling, leading to electrode degradation and reduced electrode utilization. [3] 
Polyurethane (PUR) is a versatile polymeric material whose chemistry can be tailored to produce a wide range of materials, including flexible foams, rigid plastics, elastomers, coatings, adhesives and sealants. This enables precise tuning of mechanical and interfacial properties for specific applications. In addition, PUR exhibits strong adhesion to diverse substrates due to the presence of polar urethane groups, which promote intermolecular interactions with various surfaces. [4] These features make PUR a promising candidate not only as a binder but also as a functional adhesive primer layer that enhances adhesion between the active material and the current collector in ASIBs.
 In this work, polyurethane-based layers were investigated in composite electrodes based on NaTi2(PO4)3 (NTP) active material and carbon black as a conductive additive. The morphology and integrity of the prepared coatings and electrodes were characterized by optical and scanning electron microscopy (OM and SEM), while electrochemical performance was evaluated using galvanostatic charge-discharge (GCD) measurements. Additionally, the chemical stability of polyurethane-based layers was assessed through immersion tests in water and N-methyl-2-pyrrolidone (NMP). The coatings and prepared electrodes remained intact and showed no dissolution in either solvent, confirming the excellent solvent resistance and structural robustness of the PUR network. Overall, this work demonstrates the potential of PUR as a functional layer in aqueous sodium-ion battery systems. 
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