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Abstract: Mechanical recycling provides a practical approach for retaining the value of carbon-fibre-reinforced polymer (CFRP) composites beyond
their initial use [1,2]. Mechanically tested CFRP laminates were fragmented, ground, and sieved, and the resulting powder was incorporated into a
bio-based I1B2 epoxy matrix at 10 and 20 wt.%. The recycled CFRP increased flexural strength by approximately 20% and 22%, respectively, while
producing a marked increase in tensile stiffness. These results demonstrate that mechanically recycled CFRP can serve as a functional secondary
reinforcement in new composite formulations, supporting CFRP waste valorization.

Methods and results:

CFRP laminates manufactured from twill carbon-fibre fabric and bio-based IB2 epoxy resin using out-of-autoclave processing were mechanically tested and
subsequently recycled. The tested specimens were fragmented, ground and sieved to obtain recycled CFRP powder, which was reincorporated into the IB2
epoxy matrix at 10 and 20 wt.%, with neat IB2 epoxy (0 wt.%) used as the reference. The resulting formulations were evaluated by tensile and three-point
bending tests. A progressive stiffening effect was observed in tension, with the tensile modulus increasing from 3.10 GPa for neat IB2 to 3.76 GPa at 10 wt.%
and 5.03 GPa at 20 wt.% recycled CFRP, corresponding to increases of approximately 21% and 62%, respectively. This increase in stiffness was not accompanied
by a proportional increase in tensile strength: the 10 wt.% formulation remained close to the neat epoxy reference, whereas a reduction was observed at 20
wt.%. In contrast, the flexural response showed a clear reinforcing effect, with flexural strength increasing from 77.87 MPa for neat IB2 to 93.26 and 95.35 MPa
at 10 and 20 wt.%, representing improvements of approximately 20% and 22%, respectively. The results therefore indicate that recycled CFRP primarily
enhances matrix stiffness and flexural load-bearing capability, while higher recycled content is accompanied by reduced tensile deformability, supporting its
potential as a secondary reinforcement in new composite systems [3]. Overall, the mechanical response confirms that mechanically recycled CFRP retains a
functional reinforcing role when reincorporated into the bio-based epoxy matrix.
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Schematic representation of the mechanical recycling and cascade reuse of CFRP composites
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100 functional secondary reinforcement. Recycled CFRP increased flexural strength by up to

22% and substantially improved tensile stiffness, while the 10 wt.% formulation
maintained tensile strength close to neat IB2. This mechanical profile supports its potential
use in rigid or semi-structural components, such as protective panels, covers or equipment
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40 housings, where continuous-fibre reinforcement is not required. The results demonstrate a
viable pathway for the cascade reuse of CFRP waste in new composite applications.
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