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Abstract: To address the critical challenges of low thermal conductivity and liquid leakage in organic
solid-liquid phase change materials, while promoting the high-value valorization of waste biomass
resources, this study proposes a dual optimization strategy involving biochar framework modification
and interfacial chemical regulation. A magnetic, highly thermally conductive biochar support (KFeC)

featuring a hierarchical pore structure was prepared using waste wood (white pine) as the carbon
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precursor, utilizing a sequential process of KOH chemical activation and Fe impregnation. Using this
biochar as the supporting matrix, a form-stable composite PCM (KFeC/PWR) was fabricated by
incorporating the biosurfactant rhamnolipid as an interfacial modifier into the paraffin wax system. The
effects of the support's pore structure and interfacial modification on the phase change behavior, thermal
conductivity, and thermal cycling stability of the composites were systematically investigated. The
results indicate that the synergistic effect of KOH activation and Fe-induced local ordering of the
carbon skeleton significantly optimized the pore structure of the biochar. Specifically, the specific
surface area of KFeC increased to 2.03 times that of the original biochar. Furthermore, in-situ generated
iron species (Fe/Fe,0,) nanoparticles constructed an efficient thermal conduction network, yielding a
thermal conductivity of 0.602 W-m"-K" for the composite, which is approximately 2.5 times that of
pure paraffin. Moreover, the rhamnolipid significantly improved interfacial compatibility and enhanced
capillary adsorption forces through its anchoring effect at the inorganic-organic interface. After 50
melting-freezing cycles, the latent heat loss rate of KFeC/PWR was only 1.95% (significantly lower
than the 12.25% observed in the unmodified group), with no macroscopic leakage observed. This study
validates the effectiveness of the biosurfactant-assisted encapsulation strategy, providing a novel
approach for designing long-life, highly reliable biomass-based PCMs for thermal energy storage.
Keywords: biochar; modified; composite phase change materials; thermal energy storage
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