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Introduction Composite Manufacture

The rising importance of factoring sustainability into the use of composite
materials has seen an immense upsurge in the popularity of natural fibre
reinforced polymers (NFRP). Both industry and academia have investigated their
potential uses for non-structural to semi-structural applications. However, the
current dependence on petroleum-based thermosetting polymers, such as
epoxies, detracts from the attractiveness and sustainability of these materials.
Additionally, there is a great benefit in ‘carbon-mile’ by using locally cultivated
natural fibres rather than imported materials grown and processed overseas.
This research project studied the potential of a fully bio-based composite
material relying on New Zealand native harakeke (Phormium Tenax) fibres for
the reinforcement of a polyfurfuryl alcohol matrix.
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Composite specimens were produced from quasi-aligned
harakeke long-fibres. The fibres were impregnated by hand
with the prepared catalysed furan resin before being laid
into an aluminium mould. A two-step curing process is
then undertaken, firstly a beta-staging at an elevated
temperature, then a full hot-press consolidation for final
cure.
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Figure 5: lllustration of composite moulding process
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Within this work constituent materials have been processed and mechanically Zealand environment [1]

characterized. Processing has included the resinification of monomeric furfuryl
alcohol and the alkaline treatment of mechanically processed harakeke fibres.
Manufacturing methods for producing high quality long-fibre composites have
been developed; incorporating partially cured polyfurfuryl alcohol in a
compression moulding process. Mechanical performance has been determined,
along with durability. These properties have been benchmarked against
traditional NFRPs relying on petrochemical thermosetting polymer matrices.
This work quantifies the feasibility of using local grown harakeke fibres in a fully

bio-derived high-performance composite. & o Temperature Suitable reactivity
Figure 2: Raw Harakeke (Phormium

Tenax) fibres
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Composite manufacturing quality such as void content, fibre dispersion, and wetting were investigated via cross-
sectional microscopy, as well as the was effects of the duration of each stage of curing and fibre volume ratio.
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Constitutive Materials

‘Furan Resin’ was prepared by the gradual acid
/ \ OH catalysed polymerisation, using furfuryl alcohol and p- _
toluene sulfonic acid [2]. Cure characteristics were
O investigated through DSC with catalyst and cure -

temperatures selected to be compatible with natural
fibres and compression moulding.

Figure 6: Cross-sectional microscopy imaging indicating the correlation between pre-cure time and void fraction
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Harakeke fibres have been characterised to determine the; density using a gas-pycnometer, _
size using image analysis of cross-sectional microscopy (results are presented as equivalent ; ; _
circular diameter), and fibre modulus, strength and failure strain based on ASTM C1557-14. g4 st el S
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Figure 8: SEM images of composite post flammability testing
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