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Abstract

Carbon fibre-reinforced composites are being more and more used since several years. In the same
time the need for adequate methods to recycle fibres from industrial or post-industrial waste is rising.
This paper investigates the state-of-the-art methodologies for processing recycled Carbon Fibres
(rCF) into reinforcement textiles, identifies key challenges, and presents novel production techniques
aimed at optimizing their integration into textile structures for composites. Different processing
methods are analysed and their impact on the mechanical properties of the composites is investigated
on coupon level.

Keywords: recycled carbon fibres; non-crimp fabrics; composite production

1. Introduction

The global push towards sustainable manufacturing practices has placed significant emphasis
on recycling and reusing carbon fibre-reinforced polymers (CFRPs). Reclaiming carbon fibres from
end-of life parts is feasible on different pathways. [1] Independently from the reclamation pathway,
such as pyrolysis, solvolysis or the use of post-industrial dry fibres, average fibre length is extremely
reduced compared to continuous virgin fibres. Besides this, the embodied energy during the
production of carbon fibres is high due to high process temperatures and long process cycles. When
recovering and re-using the fibres, the sustainability of the product is increased. [2,3] In consequence,
the textile production methods need to be adapted to the fibres and pre-processing steps are required.
Therefore, developing viable (pre-) processing routes for rCF is essential to address key limitations
such as fibre length variability, textile compaction and the fibre volume fraction (FVF) in the final
composite. The processability of textiles into composites with a determined FVF is crucial for the use
of rCF-textiles in industrial applications.

In this study the latest advancements in the processing of rCF into tapes into Non-Crimp Fabrics
and finally into composites is investigated. The implications of the composite manufacturing method
onto the mechanical properties are evaluated.

2. State of the Art

The use of carbon fibres as reinforcement fibres for composites has been investigated for many
decades. With an increasing awareness and demand for more sustainable solutions, the interest in
the recovery and re-use of the fibres has been rising as well. Different waste streams are generated
along the process chain. Starting with cut-off fibres during the production of textiles or the preform
production, secondly, waste parts and fibres are generated during the part production and at least
parts after the use at the end-of-life stage. Recycling methods for CERP are widely being investigated.
Here, thermal and chemical methods have been highly investigated in the past years [4]. Especially,
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the reclaiming using pyrolysis has reached a technology readiness level (TRL) of 9, while the TRL of
microwave and fluidized bed pyrolysis range between 4 and 6. Fibres reclaimed using pyrolysis are
already available commercially from different companies. As chemical method the solvolysis is under
development. The TRL is at 5 to 6 and commercially available fibres are slowly entering the market.
The TRL of mechanical recycling of CF is at 6 to 7 but is partially seen as pre-step prior to the before
mentioned processes. [5]

In general, reclaimed and recycled fibres are available as staple fibres. Fibre lengths between
2 mm and 100 mm are common. Thus, different pre-processing methods are required. The fibre sizing
is the second point which is a difference between virgin and recycled carbon fibres. Usually, surfaces
of recycled fibre from solvolysis and pyrolysis are free of sizing and the renewal of the sizing on short
fibres is being investigated. [6-8] The sizing is required to allow a suiting fibre-matrix adhesion.
Additionally, inconsistencies in surface treatments can impact adhesion within resin matrices,
leading to weak bonding. The bulkiness and the surface of rCF-based semi-finished products
complicates handling and compaction during processing. Another major limitation is the lack of fibre
orientation, which reduces the predictability and uniformity of mechanical properties. Overcoming
these challenges requires innovations in fibre processing and preform design.

The development of technical textiles from rCF has been investigated using different
approaches. Besides nonwovens with included matrix fibres, the production of rCF yarns has been
highly investigated. Out of these yarns woven and NCF can be produced. [9-11] The yarn spinning
process is highly complex and in consequence the production cost rise. The standard dry nonwoven
production process is investigated in detail by [12-14]. Here, fibre orientation can be adjusted
partially in machine direction and cross-machine direction. Similar to the referred work, a standard
carding machine is used in this study. Besides that, also water-based processes are investigated by
several researchers and companies. [15-18]

The production of thermoplastic composites reinforced with rCF has been investigated. Mostly,
organosheets from nonwovens or textiles made of hybrid yarns are investigated. [19-21] In recent
works, the focus was on thermoplastic matrices. In early works also thermoset matrices were
investigated. In general, the focus is on the achievable mechanical properties and fibre volume
fractions are often not reported. For thermoplastic composites, the matrix system is usually added
during the textile production process or during yarn production. Then, FVF of up to 70 % can be
achieved [9]. The compression of the textiles or parts after passing the glass transition temperature of
the matrix component is crucial, to compact the part and achieve thin parts with high FVE. The FVF
is highly related to the used production method. In general, it is shown that using thermoset matrices
results in rather low FVF of rCFRP. There are several possible causes for this:

e  Low compressibility of textiles
e  High percentages of ancillary fibres

e  Missing fibre orientation.

In literature, only one reference was found where the production methods for rCFRP parts were
investigated to achieve FVF of higher than 25 %. [22] report that a FVF of up to 41 % was achieved
for unidirectional composites made of rCF yarns wrapped around a wrapping frame. In this paper,
two different production methods for the production of composites made of rCF-tape-NCF are
investigated. A commonly used vacuum infusion is compared with a hand-layup compression
moulding. The used materials and methods will be presented in the following sections. It is reported
from the industry, that prepreg nonwoven materials can also achieve FVF of up to 30 %. Therefore,
the goal of this study is to investigate an adapted composite production method for semi-finished
parts made of rCF. This is one crucial step to enable the use of rCF in semi-structural parts with high
quality surfaces.

3. Materials and Methods
3.1. Materials
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Slivers produced from rCF/CoPA fibres are investigated. The slivers are produced at the Institut
fiir Textiltechnik Augsburg gGmbH, Augsburg (GER). The slivers are composed of 95 w.-% T700S
fibres from Toray Composite Materials America Inc., Tacoma (WA, USA) from cut off wastes of fabric
production and 5 w.-% Co-Polyamid (CoPA) of type Grillon® KA 140 from EMS Chemie AG,
Domat/Ems (CH). [23,24] Different thermoplastic fibres were investigated in preliminary studies. It
was found, that CoPA fibres of the suggested type are most relevant in the given percentage of 5 w.-
%. The average carbon fibre length amounts to 70 + 2 mm in average as incoming material. It is
assumed that the mechanical properties of the single fibres are not reduced compared to virgin
continuous single fibres. The minimum fibre staple length of KA 140 fibres amounts to 51 mm [23].
Here, cut-off wastes are used to provide a proof of concept for the suggested production route and
due to the availability of the fibres. As resin system for composite production an Epoxy resin type
EPIKOTE RESIN MGS RIMR426 and a hardener type RIM H435 (pot life of 120 min) produced by
Westlake Corporation, Houston, Texas (USA) with a mixing ratio of 100:26 w.-% are used.

3.2. Methods
Sliver Production

The fibre materials are mixed and oriented using an industrial carding line KC11 2-4 SD / MEK
11 from Dilo Systems GmbH, Eberbach (GER). The full process flow from fibre to nonwoven to the
final sliver is shown in Figure 2. From the bale opener, the fibres are mixed and further opened using
a picker. For the fine opening a dosing opener is used and the material is further processed to a chute
feed. The areal weight of the produced nonwoven is adjusted using a belt scale. In the following, the
mixed fibres are transported to the carding machine to align the fibres and to create a uniform web
(see Figure 1).

1. 2.Pre-  3.Fine 4. Non- 5. Production of the
Opening openin  opening and woven fiber pile: here, the
fibre bale  gwith  dosing with production fiber bundles are
with the picker  the dosing through broken down into
bale opener chute feed individual fibers
opener and deposited in a

defined layer as a
continuous fiber

Bagging unit

Bale opener Picker Chute feed Carding machine
Dosing opener Belt scale

Figure 1. Fibre Opening and carding machine according to [25,26].

Prior to the alignment unit, a winding and storage unit is passed by the web (see Figure 2). In
preliminary works, different areal weights were tested that range between 1 gsm and 15 gsm. [27]
Also, the alignment processes were adapted and investigated. [28] From these studies, optimized
tape production parameters are chosen and are presented in [28] and [12]. A homogeneous fibre
distribution is achieved by mixing and carding, followed by tape production and fixation for
improved fibre alignment. The average sliver width was measured using an optical sensor type
optoCONTROL 2520 from MICRO-EPSILON Eltrotec GmbH, Goppingen (GER). Non-crimp fabric
production was performed to enhance the mechanical performance of the composite.

NCF Production
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The produced and measured tapes are further processed using a multi-axial warp knitting
machine, Copcentra MAX 3 CNC from LIBA Maschinenfabrik GmbH, Naila today owned by KARL
MAYER Holding SE & Co. KG, Obertshausen (GER). Firstly, a supporting grid is produced using the
weft insert systems. Based on this polyester yarn grid, the rCF-tapes are placed manually in a 90°
angle. Consequently, the fibre orientation is oriented at a 90° angle relative to the production
direction. The grid was produced in +/- 45° using polyester yarns with a yarn count of 25 tex and a
thread density of 0,5 F/cm. An overlapping of 2-3 mm is aimed. The layup is warp-knitted using a
2 mm fringe stitching with 8,3 tex polyester warping yarns and an E6 needle gauge. The areal weight
of the stitiching thread amounts to 7,7 g/m?2.

= O O4CO TSR .
Feed Card Winding Alignment ﬁ ; .

System unit and Unit
storage !
& > Direction of production
Direction of production
<) surface d) Weft insertion

Warp-
—knitting

T
heating cooling

zone zone

point
pressure
(roller pair)

Filler Thread 7
feeding Take up

Figure 2. a) Carding process at ITA Augsburg gGmbH, [12] b) Funnel System to improve fibre alignment [28] c)
Concept of a double belt press d) Non-Crimp Fabric machine by [29].

Characterisation

The cover factor of the produced textiles is determined using an LED-Inspection-Table built and
developed at the Institut fiir Textiltechnik (ITA) of RWTH Aachen University [30]. The cover factor
is a parameter to describe the quality and homogeneity of the textiles. The used set-up is shown in
Figure 3. The test stand comprises an illuminated table, a height-adjustable camera system and a
measuring computer with specially programmed software for image analysis. The colours of the light
of the translucent table can be adapted. Initially, a greyscale image of the textiles is captured and
subsequently converted into a binary image. The cover factor, or the coverage value of the black
pixels in relation to the total number of pixels, is determined in the binary image. Black pixels are
indicative of closed areas, while white pixels represent empty spaces or stripes. The cover factor is
reported as percentage of black pixels in relation to the total amount of pixels. A reference is shown
in Figure 4. Here, needle punctures, gaps between as well as thin spots within the slivers are visible
as white spots. The shown sample amounts to a cover factor of 97,5 % in average.
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Figure 3. ITA-LED-Inspection-Table.

With this testing method a fast and qualitative evaluation of the textile quality is enabled. Fibre
orientation measurements are mostly only measuring the fibre orientation on the surface. Due to the
thickness of the tapes this value would not be reliable. Thus, the cover factor is used as evaluation
factor.

Figure 4. Reference Picture of cover factor measurement.

Composite Production

For the preparation of the reference composite parts, a vacuum infusion process is used. The
production was performed according to the description in [31]. Overall, three plates are produced
and investigated. An overview of the samples and used processes is given in Table 1. All samples
consist of three layers of textile with the same fibre orientation. All fibres are oriented in 90° compared
to the direction of production. Thus, tests are performed in fibre direction. The areal weights of all
layers were determined by measuring the weight of the prepared textiles for the composite

production.
Table 1. Investigated Samples.
Sample Name Process
B6 Compression Moulding
B3 Compression Moulding
R Vacuum Infusion

© 2025 by the author(s). Distributed under a Creative Commons CC BY license.
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As second method, a hand-layup in a fixed cavity is used. Therefore, a solid cavity consisting of
two aluminium plates (450 mm x 320 mm x 20 mm) and a stainless-steel frame (450 mm x 320 mm x
2 mm) with a central cut-out (350 mm x 220 mm) are built. The aluminium plates enclose the cavity
in which the textile layup is placed, ensuring a controlled moulding environment. To meet the
requirements of the standard for testing the tensile properties of the resulting composites, DIN EN
ISO 527-5, the cavity thickness is set to 2 + 0.2 mm. A hand-layup process is employed to impregnate
the textile, ensuring complete fibre wetting and minimizing void formation. For precise alignment,
two M10 threaded rods (25 mm) are used. The lower aluminium plate features two M10 threaded
holes, while the stainless-steel sheet and upper plate have 10 mm through-holes, allowing accurate
centring. The absence of threads in the upper components enables easy demoulding. To aid
separation after the lamination, four additional M10 threaded holes in the lower plate accommodate
screws that apply controlled pressure for disassembly. Stainless steel was chosen as the intermediate
layer to prevent mechanical damage during demoulding. (see Figure 5)

Threaded
Rods (M10)

Aluminium /
| Press
\

) tape
Stainless-steel Ll()&mnﬂ Prolt)ztglon Mould with
frame textile and
resin

Figure 5. Aluminium mould with fibre material (left), drawing of mould in press (right).

The textiles are placed between the two sides of the mould. The required amount of resin is
calculated depending on the weight and the compressibility of the textile. Prior to the lamination, a
proper closure of the mould is ensured. The resin is distributed over the textiles. The stack of textile
and resin is placed in the mould. The edges of the cavity are cleaned from outstanding fibres and the
mould is closed. The cavity is set in a press type LZT 30-HT from Langzauner Gesellschaft m. b. H.,
Lambrechten (AUS) covered with a vacuum bag to avoid leakage. The press is closed for 24 h under
250 kN clamping force. This amounts to a pressure on the final part of 3,25 bar. No heat is applied
during the curing cycle. After de-moulding, all plates are tempered and prepared for testing.

Table 2. Processing parameters.

Parameter Vacuum infusion Compression moulding
Temperature Ambient Ambient temperature
temperature
Pressure Vacuum of 0,5-2,5 3,25 bar
mbar
Additional layers Release film, Release film
breather cloth,
peel ply, vacuum
bag

Duration 24 h 24 h

Post-curing cycle 80 °C, 1 bar 80 °C, 1 bar

© 2025 by the author(s). Distributed under a Creative Commons CC BY license.
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Composite Testing

As testing methods of the final composites, tensile tests according to DIN EN ISO 574-4 and
bending tests according to DIN EN ISO 14125 are performed in fibre direction [32,33]. The
termination criteria were kept stable for all samples. Bending tests were terminated at a cut-off
threshold of 70 % of the maximum measured force. The elongation was measured using a video
extensometer. All tests are carried out in fibre direction. Failure modes are defined for alle tested
samples. Eight samples are tested per plate. The FVF is calculated gravimetrically. To enable
comparable results, all tensile strength results are normalized to a FVF of 30 %. The results show
linear relation between elongation and tension. Thus, the law of mixtures can be applied.

3. Results

In total, one reference plate was produced using a vacuum infusion and two compression
moulded plates were produced according to the described method. All results are shown in Table 3.
During the compression moulding, minor dry spots have occurred on the surface of plate B6 (see
Figure 6). The resulting plates can still be used for the composite testing, since a full impregnation of
the centre is ensured by the resin distribution. Nevertheless, plate B3 is produced to ensure, that the
results are not impacted by the dry spots.

Resin application Dry spots

100 m
Rt
Figure 6. Resin distribution and void spots in plate B6.

Previous experimental studies demonstrated that compaction methods significantly impact rCF-
based composite properties. Key findings indicate that thermal pressing methods achieved FVF of
up to 31 %, improving tensile strength and modulus while maintaining material integrity. Tensile
testing results revealed that optimized processing resulted in strength values competitive with
traditional CFRPs, showcasing the potential of rCF-based materials in high-performance
applications. The relationship between compaction force and material thickness was analysed in a
separated study. The investigation is not part of this study and will be published separately. In the
following the achieved mechanical properties are presented and discussed.

Table 3. Production parameters of different samples.

No. CoverFactor Sliver Width  Areal weight Number of Layers FVF
[%] [mm] [gsm] [] [%]
B6 97,32 32,73 + 3,87 258 3 28
B3 96,37 30,50 + 4,2 232 3 26
R 97,00 27,01 +£5,19 242 3 17

© 2025 by the author(s). Distributed under a Creative Commons CC BY license.
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The width of the used slivers ranges between 27 mm and 33 mm in average. The measurements
of the slivers used in the reference show the highest standard deviation of 5,19 mm while the lowest
standard deviation of 3,87 mm is measured for the slivers used in B6. Using these slivers, textiles with
areal weights of 230 to 260 gsm are produced with a determined area. The cover factors of all used
textiles are similar and average between 96,37 % and 97,37 %. Standard woven fabrics range between
91 and 99 %. [34] Cover factors are usually not determined for multi-axial NCFs. Due to different
angles of fibres the cover factor is expected to be at 100 %. Therefore, woven fabrics are used as
reference factors. [34]

Table 4. Tensile Testing results.

Number of FVF Tensile Strength Tensile Strength Modulus Elongation at

No. Samples [%] [MPa]* [MPa] [GPa] Fmax [%]
B6 8 27 581 + 90 523 + 81 39+7 1,30 + 0,05
B3 8 26 559 +41 584 + 35 381 1,26 + 0,07

R 7 17 550 + 49 312+ 28 22+2 1,32 + 0,06

*normalized to 30 % FVF.

The tensile testing and bending results for all samples are shown in Table 4. For the compression
moulded parts FVF of 27 % and 26 % are achieved. The FVF of the reference amounts to 17 %.
Normalized tensile strength of the samples range between 549 MPa and 581 MPa. Here, the results
are comparable between the reference and sample B3 and B6. When comparing the original results
without normalisation, the average tensile strength for the compression moulding range between
523 MPa for sample B6 and 584 MPa for B3. Compared to that, the reference tensile strength is at
312 MPa. For all samples the elongation at break ranges between 1,26 % and 1,32 %. The average
tensile moduli range between 22 GPa and 39 GPa. The samples B6 and B3 are at a similar level with
39 GPa and 38 GPa. The modulus of the reference sample amounts to 22 GPa.

© 2025 by the author(s). Distributed under a Creative Commons CC BY license.
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Figure 7. Tensile testing results of B3, B6 and the reference.
Table 5. Bending Testing Results.
Av. Av. Flexural .
Nombertl i mcss L P s e
P [mm] [mm] ° [GPal °
B6 5 15,03 1,51 30 27 667 +77 25+11 1,30 + 0,05
B3 5 14,99 1,52 30 26 712+85 41+15 1,26 + 0,07
R 12 14,96 2,43 48 17 400 + 58 17+ 6 1,32 + 0,06

The flexural properties of the tested samples differ widely (see Table 5). The average maximum
flexural strength of sample B6 amounts to 667 MPa with an average flexural modulus of 25 GPa. The
results of sample B3 amount to 712 MPa in strength and to 41 GPa in modulus. In comparison to that
the testing results of the reference samples are 400 MPa in average flexural stress and 17 GPa of
average flexural modulus. Specimen of samples B3 and B6 show similar failure curves while the
specimen of the reference show linear failure curves (see Figure 8). The failure curves of different
specimen within the samples are consistent with one exemption for specimen 2 of the reference

© 2025 by the author(s). Distributed under a Creative Commons CC BY license.
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sample. Due to a higher thickness, the dimensions of the reference samples were adapted. According

to the standard, the samples were cut to a width of 15 mm and a length of 48 mm.

B6 Reference
600 600 %
© 500 /' o < 500
2 400 Y G £ 100
g / % .'/|/ g v
300 i Z g 300 =
= 200 ,‘ 2 £ 200 —% 52
' Wl
100 442 100 .
0 -// . 0 / 5
0 0,5 1 15 0 0,5 1 1,5
Elongation [%] Elongation [%]
ceseee Sample 1 = = Sample 2 +=e«++ Sample 1 — — Sample 2
Sample 3 = - «Sample 4 Sample 3 = - «Sample 4
...... Samp]e 5 Sample 6 ceseas Sample 5 — .Samp]e 7
= +Sample 7 = - «Sample 8 == « «Sample 8
B3
600 %
E 500 //_,r
= L
2 400 ;.«-
g s
S 300 ,{’
2 éf"
2 200 il
100 +——*
0 -F” >
0 0,5 il 1,5
Elongation [%]
+esees Sample 1 = == Sample 2

Sample 3 = + «Sample 4

Sample 5 Sample 6

= -Sample 7 = - -Sample 8

Figure 8. Flexural stress vs. deformation of samples B3, B6 and reference.

The fracture surface analysis of the three series (B3, B6, and Reference) reveal distinct failure
behaviours. Series B3 showed the highest mechanical performance, particularly in sample 1 with a
clear fracture and layer splitting. Several samples of B3 failed in regions containing warp threads. In
contrast, none of the B6 samples exhibited a failure where the samples were fully destroyed. Here,
horizontal cracks, often near warp threads, dominated. The fracture patterns of B3 and B6 exhibited
mostly minor fractures and crack progression was barely visible (see Figure 9). The reference series
showed the highest number of total fractures, with several samples exhibiting continuous cracks
initiated by tensile stresses. Zigzag fracture patterns and layer delamination were observed,

© 2025 by the author(s). Distributed under a Creative Commons CC BY license.


https://doi.org/10.20944/preprints202508.1215.v1
http://creativecommons.org/licenses/by/4.0/

Preprints.org (www.preprints.org) | NOT PEER-REVIEWED | Posted: 18 August 2025

11 of 14

indicating brittle failure characteristics. In multiple cases across all series, warp threads appeared to
initiate or influence crack propagation.

Figure 9. Bending Samples after testing, left: B3_3, centre: B6_4, R_3.

This section may be divided by subheadings. It should provide a concise and precise description
of the experimental results, their interpretation, as well as the experimental conclusions that can be
drawn.

4. Discussion

The goal of this study is to investigate an adapted composite production method for semi-
finished parts made of rCF. Two different resin infusion techniques were evaluated for their ability
to enhance high fibre volume fractions and minimize void content. The comparison of the FVF of the
reference sample produced via vacuum infusion with the samples B3 and B6 demonstrated a clear
improvement. The FVF was increased by about 58 %.

Due to the production method of the compression moulding, voids within the part can occur.
Nevertheless, the mechanical properties of the reference sample produced using vacuum infusion,
where voids are less likely to occur, proof that the results are valid. The sliver width is not expected
to influence the mechanical properties. The production process of the textile is influenced by the sliver
width. Here, the homogeneity of the sliver width is crucial to achieve a fabric pattern with a high
cover factor and low variation in thickness. High deviations in the cover factor could result in defects
in the part or varying thicknesses. The used textiles do not vary largely regarding the cover factor.
Thus, the mechanical properties are not affected. Overall, it can be stated that the adapted
manufacturing route results in higher FVF and thus in higher tensile and flexural properties.

Even though the rCF content in the used textiles is similar, the moduli differ between B3 and B6.
The lower E-modulus of the reference is expected due to the lower FVF. Besides that, the sample
dimensions might have impacted the results. According to the standards, the dimensions were
adapted to a length of 30 mm for B3 and B6 in dependency of the thickness and to 48 mm for the
reference. In consequence, also the span was adapted from 24 mm to 39 mm.

It is proven, that the tensile strength and modulus of the parts are depended of the FVF. [35]
Therefore, the tensile properties point out the importance of high FVF to enable the use of the material
within semi-structural parts. A similar dependency is given for bending properties. [36] describe a
linear improvement of flexural stress from 50 % FVF to 70 % FVF and a decrease at 80 % FVE. Even
though, the FVF of the investigated samples is relatively low, the findings are applicable. The bending
failure behaviour differ between the reference and samples B3 and B6. It is visible that crack
indications often appeared at warp threads and thus initiated the failure propagation. The more
brittle failure mode of the reference sample can be seen in the crack progression as well in the testing
curves. The failure type can be related to the higher resin content within the sample, the higher
thickness as well as the sample dimensions, which were adapted according to the standard. The
results highlight the structural influence of reinforcement alignment on damage evolution and failure
mode. The higher flexural stresses of sample B3 and B6 compared to the references could be also
affected by the larger span, which was used due to the adapted dimensions.

For B3 and B6, a limited damage progression and increased structural integrity is implied by the
sample investigation under microscopy and the observed failure modes. All samples were measured
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under the same resolution. The due to a low FVF in the reference sample the different flexural stress
curves can be explained. Higher resin content leads to a more brittle failure and thus to a sudden
failure. This is also proven by the higher number of total failures within the reference samples and
the crack propagation shown in Figure 9. The investigation under microscopy revealed that crack
initiation often appeared next to warp knitting threads. Here, further investigations are required to
verify this assumption. Overall, it can be stated that the FVF was improved by an adapted production
process. Nevertheless, given the variation in areal weight of the used textiles, this proof of concept
requires a validation on (sub-) component level once more sliver material is available.

5. Conclusions

The study confirms that rCF-based textile structures offer promising potential for composite
manufacturing of rCF reinforced parts. The experimental results provide qualitative proof of concept
for rCF production, demonstrating that with appropriate processing techniques, these materials can
achieve properties which enable the use within semi-structural composites. Here, an increase of FVF
was demonstrated compared to a standard vacuum infused part and the average flexural stress
increased by up to 72 % while the absolute average tensile strength was increased by up to 88 %.
Nevertheless, the targeted FVF of 30 % was not reached. Therefore, further research is required on
(sub-) component level to ensure large-scale applicability. Future work will focus on optimizing the
production process to reduce the voids within the compression moulded parts. Here, vacuum
infusion in a press and resin transfer moulding will be investigated as production processes. Besides
that, a validation is required as to whether warp-knitting threads are causing a crack initiation when
being under bending load.
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The following abbreviations are used in this manuscript:

rCF Recycled Carbon Fibre
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rCFRP Recycled Carbon Fibre Reinforced Parts
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CFRP Carbon Fibre Reinforced Parts
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