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One of the challenges of carbon fibre-reinforced composites (CFRP) recycling is *
reprocessing recovered fibres to make the material stream more circular. This is a
complex issue, as composite waste can contain a mixture of carbon fibres of

different qualities (diameter, modulus, surface treatment) and other additional
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materials. While conventional composite materials contain continuous filaments, ) Recyf""g Fibre reclamation .
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recycled fibres lose their continuity and are considered short fibres, with their Mechanical Thermal Chemical Other
- . . . ;
distinct length varylr)g oyer a.W|de range. These short fibres can be repurposed : o Solvolvais High voltage
by several technologies listed in the schematic of CFRP waste management routs. | (supercritical fluid fragmentation
| Fluidised bed solvents)
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Since the material properties of recycled fibres differ from virgin CFs, highly e

oriented short fibre intermediates lead to value-added recycling. When
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thermoplastic matrix materials are considered, the possibility of additive Recyclable matrix

manufacturing arises. In recent years, 3D-printed CFRP has become the subject of Droducts materials Y
intensive research and industrial development. Fibre-reinforced additive Quality: ; :

: : ey : : Process optimization Energy Composite Short carbon Discontinuous Matrix
technologies offer the best means to exploit composites’ anisotropy, enabling Surface treatment ) .
, | S - . . . Fibre length recovered fragments fibres carbon fibres monomers

topological optimisation and enhancing product design and manufacturing _ ‘
efficiency. Since 3D-printed CFRP products containing short or long fibres are Fibre reuse

mainly used for tooling, functional prototypes and replacement components, Direct Additive SMC/BMG Nonwoven Tape Spinning

: ; . : : : : moulding | Imanufacturing technology technology technology
they are typically combined with technical grades thermoplastic matrix materials —— / : T
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such as ABS, PEEK, PEAK, and PA [1]. To promote the application of such novel ,:,ﬁﬂ; ﬁ.::,:'e?,icﬁpp ‘;’T,Zﬁi?f,‘;” ;Zoce;j ke e r /éf;er e

materials, modelling the 3D printed structures and involvement in the finite Application Quasi-isotropic

. : . : ; . ) Modelling Oriented tapes Hybrid yarns
element simulation is necessary. Few studies applied homogenisation methods Homogenization g nonwovens
@ these emerging composite materials, predicting their elastic properties. /

Concept Modelling

* Filament production via extrusion (Teluran® GP35 ABS + rCF) The effective elastic properties could be predicted based on the microstructure and the

» Specien production: Additive manufacturing via FDM printing constituents of a composite prepared by additive manufacturing. These methods have

already been used for materials processed by other technologies (hand layup,
compression and injection moulding) but only recently applied for printed structures.
These studies focused on the microstructure characterisation of composites where the
orientation and length of carbon fibre are not homogeneously distributed in the matrix.

* Comprehensive mechanical characterisation — Elastic Properties
* Fibre orientation measurements - FOD

* Morphology characteisation — Optical microscopy and SEM

(single fibres, fracture surface, voids, porosity) The Mori-Tanaka homogenisation model is proposed in several studies [6], which incorporates explicit orientation
* Parameter optimization averaging to account for the contributions of each reinforcement (termed inclusions) with arbitrary orientations.
Determination of mechanical and microstuctural Research has demonstrated that when applied to such materials, the Mori-Tanaka model accurately predicts

effective properties that align with the lower bound specified by the Hashin-Shtrikman criterion for aligned

inputs for modellin . . : : : . : . :
P 5 continuous inclusions. Moreover, the model yields even lower estimates for effective properties when inclusions

Modelling and validation (CLT) possess orientations and aspect ratio distributions different from the aligned case. It is important to note that such
o Implementation into simulation J Kpredictive models are limited, do not take manufacturing defects (voids), and idealise fibre-matrix bonding. =
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