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Introduction %

The use of 3D-printing technologies for the fabrication
of sustainable products offers an effective route for
valorizing secondary raw materials derived from
recycling processes. The integration of recycled
materials into 3D-printing processes supports circular
economy principles by extending material lifecycles,
promoting resource efficiency, and creating new
opportunities for the development of eco-friendly
products across various industrial sectors.

Research Goal

» To recover high-quality recycled carbon fibers (rCF) from sheet
lamination-based additive manufacturing waste using ENEA’s
patented thermal recovery process.

» To develop PP/rCF composite filaments for additive manufacturing
applications.

» To evaluate the effect of rCF content on the thermal and
mechanical performance of 3D-printable composites, promoting
the valorization of composite waste within a circular economy
framework.

Methods

1. Carbon fiber recovery 2. Composite formulation

Undamaged recovered fibers, free from any residual carbon Four formulations were developed
were recovered (Italian Patent RM2002A000217) varying the rcF concentration.
Composite PP rCF
%w/w | %w/w
PP 100 0
PP-rCF5 95 5
PP-rCF10 90 10
PP-rCF20 80 20
SEM images of recovered carbon fibers PP-rCF30 70 30

PP: polypropylene; rCF: recovered carbon fiber

4. Filament extrusion

Temperature Puller Travel speed | Diameter
speed

(°)

210

(m/min)

Manual 0.4-0.5 25 4 1.75

5. 3D printing

Processing parameters for composite filament extrusion

(
PP-rCFx 25
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3. Extrusion of PP-rCF composites

Twin-screw extruder with co-rotating screws
(18mm in diameter)
— 1

Pelletized PP-rCF extruded
composites

Speed Layer Infill

thicknes | density

(%)

(mm/s)

Dog-bone PP-rCF

100 Linear 45 0.15 100 A .
Lr PP-rCF20 filament 3D-printi " PRUSA 3D FFF specimens for tensile
Filament extrusion by Felfil EVO extruder “printing parameters printer tests
sults Conclusions

O Tensile test

Load (N)
Load (N)

Ultimate tensile

strength
prpenamo) proenet PP-rCF5  32.871.07 33421566
PP-rCF10  41.70:0.96 42804625
z : PP-rCF20  37.28:4.60 45443374
’ [ PP-rCF30  40.42:4.82 6092490

Displacement (mm) Displacement (mm)

U Thermal analysis
TGA
PP 4254 3605 1.4
PP-rCF5 434.3 3711 5.9
PP-rCF10 442.2 382.0 12.3
PP-rCF20 455.9 394.4 23.4
PP-rCF30 427.3 352.4 30.8
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«» Undamaged recycled carbon fibers (rCF) were successfully
recovered from composite waste through an ENEA-
patented thermal process.

% Polypropylene (PP) composites reinforced with different
rCF contents were successfully produced by twin-screw
melt extrusion and subsequently processed into filaments
for 3D printing applications.

% Mechanical characterization = demonstrated  that

increasing the rCF content significantly enhanced both the

ultimate tensile strength and the elastic modulus of the

PP composites, relative to neat PP.

The composite containing 30 wt% rCF exhibited the best

performance, showing an increase of more than 30% in

tensile strength and approximately 300% in elastic
modulus compared with neat PP.

«» TGA analysis confirmed that the rCF content of the

composites was in good agreement with the theoretical

formulations, indicating a homogeneous dispersion of the
carbon fibers throughout the matrix.

These results highlight the potential of recycled carbon

fibers as a sustainable and effective reinforcement for 3D-

printable PP-based composites, contributing to the
valorization of composite waste and the development of
circular-material solutions.
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