Development of Textile Reinforcements based on Flax Fibres for Structural Composite Applications
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ABSTRACT: The current work aims to develop high-performance natural fibre composite systems for structural applications using continuous textile reinforcements like UD-tapes or woven fabrics. So far, most developments in the area of natural fibre reinforced composites have focused on random discontinuous fibre composite systems based on either non-woven mats or the use of chopped fibres. The development of continuous fibre reinforced composites is however essential for the development of materials which can be used in load-bearing/structural applications. The main problem in this case is the optimisation of the pre-yarn to be used to manufacture the textile reinforcement. Preliminary results on non-crimped unidirectional composites give very promising results since the obtained mechanical properties are higher by a factor of 3 to 4 compared to the current non-woven flax composites.
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INTRODUCTION

In the last decade research activities in the area of composite materials have shifted towards the development of ‘cost-performance’ engineering materials. Thus, E-glass fibres due to their excellent price-performance ratio are by far the most important fibres for these types of composites. However, these fibres do have some disadvantages regarding (thermal) recycling issues, abrasive wear of processing equipment and are non-renewable. On the other hand, environmental legislation, consumer pressure and waste management are all increasing the pressure to consider the environmental impact of the products at all stages of their life cycle. It is for these reasons that flax fibres are considered as an alternative for glass fibres [1,2].

At this moment natural fibres are pushed due to their ‘green’ image, as mentioned above. They are renewable and can be incinerated at the end of the materials lifetime. However, from an eco-performance point-of-view, mechanical recycling is favoured over thermal recycling and landfill. Thus, problems due to thermal degradation during recycling and reprocessing may significantly lower the eco-performance of natural fibre composites. Hence, for natural fibre composites thermal recycling should be more appropriate, but in this case use of thermoplastic resins (e.g. PP) does not provide any advantage over the use of thermosetting resins [3]. Moreover, thermosetting resins display some advantages over thermoplastic resins, such as: (i) impregnation of fibres is relatively easy, (ii) relatively simple moulds, (iii) possibility to manufacture large structures in a cost-effective manner and (iv) better mechanical properties.

DEVELOPMENT OF THE PRE-YARN

It has been shown that unidirectional composites made from long flax fibres (see Fig. 1(a)) in lab scale [4,5] can have sufficiently high mechanical properties, suitable for structural applications. However, if natural fibres are to be used for the production of continuous natural fibre composites on an industrial scale, these discontinuous fibres need to be spun into yarns (see Fig. 1(b)). An important parameter in the development of these yarns is the level of twist. For example, low twisted yarns display a very low strength when tested dry in air and therefore they can not be used in processes such as pultrusion or textile manufacturing routes like knitting or weaving. Hence, these yarns need to have higher levels of twist. On the other hand, when these yarns are impregnated with a polymer resin like epoxy or polyester, the strength of the impregnated yarns may decrease with twist similar to any off-axis composite. In order to investigate the effect of twist, the pre-yarns of Fig. 1(b) were used. For the dry-roving strength, the pre-yarns were manually twisted to different levels of twist and then tested in air in tension at a cross-head speed of 2 mm/min. For the impregnated roving strength, the pre-yarns were first impregnated in an epoxy resin bath and then twisted to different levels. The impregnated rovings were then cured at 60 oC for 16 hrs. The twisting of the pre-yarns after impregnation was chosen in order to exclude the effect of decreasing permeability with increasing twist, allowing in this way to study solely the effect of twist.

The results are given in Fig. 2, where the impregnated and dry roving strength of the pre-yarns of Fig. 1(b) as a function of the twist level are shown. Concerning the dry roving strength it can be observed that at low twist levels e.g. below 29 turns/m the strength is almost zero. As the twist increases the frictional forces between the fibres in the pre-yarn increase since in this case the contact area is higher, which result in a strength increase of the pre-yarn. On the other hand, in the case of impregnated yarns the strength drops gradually with twist. The highest strength is here obtained for yarns with low twist as all fibres are perfectly aligned with the loading direction. With increasing twist the strength drops similar to that of the strength of an off-axis laminate. The critical step in the development of an optimal yarn for composite applications is to find an optimum twist, which results in a minimum loss of properties of the impregnated yarns (read: composites), while maintaining good processability and sufficient strength for textile or composite processes. Clearly, from the results of Fig. 2, a low as possible twist should be preferred, which at the same time displays a sufficiently high strength (of the dry yarns) to fulfil the requirements for a certain manufacturing method.
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Fig. 1 (a) hackled long flax fibres, (b) pre-yarn made form long flax fibres. 

The pre-yarn shown has a twist of 29 turns/m and a tex of 609.
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