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q Establishing a closed-loop life cycle for 
CFRP composites is crucial to protect our 
environment and to maximise material 
utilisation and energy efficiency. 

The predicted amount of wasted carbon fibre: 
10000t in 2005 --- 57,000t in 2010 --- 88,000t in 2015 --- 130,000t in 2020 
--- 263,000t in 2030 [1]

[1] Witik, R. A., Teuscher, R., Michaud, V., Ludwig, C. and Månson, J.-A. E. (2013). Carbon fibre reinforced composite waste: An environmental assessment of recycling, energy recovery and landfilling. Composites Part A: Applied Science and 
Manufacturing, 49, 89-99.     
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[2] Wei, Y. and Hadigheh, S. A. (2022). Cost benefit and life cycle analysis of CFRP and GFRP waste treatment methods. Construction and Building Materials, 
Volume 348, 128654, https://doi.org/10.1016/j.conbuildmat.2022.128654. 

Considering NPV and BCR analysis 
results for CFRP recycling methods, 
pyrolysis combined with oxidation could 
achieve greatest profitability rate with 
lower expenditure (i.e. higher BCR) while 
alkali solvolysis can achieve the highest 
total net profit value with higher 
expenditure[2].
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model-fitting method model-free methods
• Simplify investigation process
• Reduce the assumption errors made 

before operating the experiments

• Discover the effects caused by 
changing heating rate

• More accurate result for the 
specific heating condition

Coats-Redfern method Friedman method; OFW method
KAS method; Straink method

Friedman method                                                    OFW method

KAS method                                                            Straink method
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Conversion 
Fraction, a

For figure (c)
a (´104) b R2

0.1 -1.90 23.78 0.85
0.2 -2.15 27.85 0.74
0.3 -2.16 27.88 0.79
0.4 -2.53 33.03 0.71
0.5 -3.10 40.32 0.58
0.9 -5.12 44.40 1.00

Trendline parameters (slope, a, and x-interception, 
b) and R2 values correspond to conversion 

fractions in Friedman method

Friedman method 

(a) ln (b da/dT) versus 1/T, (b) lining up the data for three heating rates for the same 
conversion fraction (a), (c) determining the slope of regression line for each conversion 

(values of a, b and R2 are shown in Table 2), (d) Friedman method result: activation 
energies at different conversions.
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The University of Sydney(a and b) Results derived from OFW and (c and d) KAS method; (a and c) Ln(b/T2) versus 1/T, 
and (b and d) regression lines corresponding to each conversion fraction (values of a, b and R2 

are shown in Table 2).
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(c)                                                                            (d)
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Conversion 
Fraction, a

For figure (d)
a (´104) b R2
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Ø Starink method follows the same approach as 
that of KAS method but redefines the 
preliminary assumption of E/RTf based on the 
experimental results of solid-state thermal 
decomposition reaction.

Ø This approximation results in the adjustment 
of exponent parameter of T from 2 to 1.92, 
which can be reflected in curve lifting of 
ln(b/Tx) versus 1/T. 

Ø This modification can provide more accurate 
result for FRP composite decomposition 
kinetics.

[3] Hadigheh, S. A., Wei, Y. and Kashi, S. (2021). Optimisation of CFRP composite recycling process based on energy consumption, kinetic behaviour and 
thermal degradation mechanism of recycled carbon fibre. Journal of Cleaner Production. Volume 292, 125994, https://doi.org/10.1016/j.jclepro.2021.125994.
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Selection of the pre-
treatment medium based on

 kinetic behavior and 
mechanical properties of 

recovered fibres
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The strength of the recycled fibres was preserved at over 90% of their virgin state, which is 
10.21% higher than the strength of recycled fibres recovered via thermal degradation only. 

[4] Wei, Y. and Hadigheh, S. A. (2023). Development of an innovative hybrid thermo-chemical recycling method for CFRP waste recovery, Composites Part B: Engineering, Volume 260, 
110786, ISSN 1359-8368, https://doi.org/10.1016/j.compositesb.2023.110786.
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• A closed-loop CFRP life cycle can reduce pollution by decreasing waste disposal, maximise material use and 
save energy. This contributes to the circular economy and environmental protection.

• To optimise CFRP composite recycling, energy consumption, kinetic behaviour and thermal degradation 
mechanism during pyrolysis were studied. 

• The proposed recycling procedure includes solvolysis pre-treatment of CFRP at 100 °C, followed by pyrolysis
up to 425 °C and oxidation up to 550 °C with a heating rate of 15 °C /min.

• Additional solvolysis procedure can increase retention of fibre’s mechanical properties by decreasing heat 
consumption during recycling. When proper pre-treatment was used prior to thermal deterioration, the strength 
of recycled fibres can be preserved at over 90% of their virgin state. 

• By putting this technology in practise, the results of recycling bicycle and aircraft components demonstrated that
the parameters must be slightly altered for various types of CFRP based on the matrix type. In addition, the
coating should be thoroughly removed from the components prior to waste recycling to prevent major fibre
damage during the polishing process.

Conclusions
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