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Recent efforts toward sustainable composite materials, from both environmental and economic
perspectives, have increasingly focused on the integration of natural and recycled fibers within engineered
textile architectures. In this work, we report on the experimental development pathway toward hybrid
textile intermediates based on hemp fibers and recycled carbon fibers (rCF). The resulting architectures
include nonwoven structures and roving-like fiber bundles.

To support material selection and design, hemp fibers from different supply chains and rCF were
characterized in terms of morphology, dimensional distribution, mechanical and thermal behaviour.

Materials processability and structural coherence has been enhanced by integrating reinforcing fibers
with thermoplastic carriers (e.g., polyamide and polyester), which act as key enabling elements, ensuring
fiber cohesion, stabilizing the fiber assembly, and enabling the processing of otherwise unprocessable
rCF-based systems.

Within this framework, surface engineering strategies are applied to further improve interfacial
compatibility among fibers and among fiber and polymer matrices. These include alkaline treatments,
silane coupling, and bio-based coatings such as chitosan, alongside advanced techniques such as
atmospheric plasma activation and plasma-assisted deposition. Such approaches should enable
controlled modification of surface chemistry without compromising fiber integrity.

The proposed integrated approach, combining tailored textile architectures with surface
functionalization, represents a promising pathway toward high-performance, sustainable composite
materials, particularly for wind energy applications such as blade shells, secondary structures, and
composite preforms for infusion processes.
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