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The development of sustainable energy solutions is crucial in our modern industrial society, where the efficiency and intermittency of renewable energies pose significant challenges. Phase change materials (PCMs) have emerged as a promising option for thermal energy storage, owing to their ability to store and release energy during phase transitions, particularly in applications where maintaining a stable temperature is essential. Conductive polymers are biocompatible, flexible, and lightweight, they have gained attention in recent years for enery applications
This study presents the nanoencapsulation of organic phase change materials (PCMs) specifically alkanes such as hexadecane and octadecane, within conductive polymers through oxidative polymerization in miniemulsion. These alkanes are ideal for thermal energy storage at temperatures close to room temperature due to their high thermal conductivity and efficiency. Encapsulation in polymers, such as poly(3,4-ethylenedioxythiophene) (PEDOT), not only enhances processability and prevents leaks but also combines heat storage capacity with the thermoelectric ability of the conductive polymer.

First, polymer films were produced by drop-casting with the redispersion of the PCM capsules in a polymer solution. Second, PCM capsules were applied to textile fabrics using the layer-by-layer (LbL) technique. 

The effectiveness of these nanocomposites in energy storage applications was assessed through differential scanning calorimetry (DSC) and proof-of-concept devices, demonstrating reproducible and robust results.

This work provides a solid foundation for the exploration and optimization of thermal storage and management systems using PCM-loaded conductive polymer nanocapsules, opening new opportunities for the development of more efficient thermoelectric devices.
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