Natural fibre reinforced epoxy composites: determination of fibre volume fraction, fibre mechanical properties and fibre cross-section variability
J. L. Thomason, F. Gentles, J. Carruthers

Department of Mechanical Engineering, University of Strathclyde, 75 Montrose Street, Glasgow G1 1XJ.   james.thomason@strath.ac.uk 
In recent years there has been a growing renewal of interest in the research and development of fibres from natural sources as potential reinforcements for high performance composite materials. This increased interest in natural fibre composites has multiple drivers such as, growing concern for the environment, possible cost competitiveness, and concerns around the sustainability of materials production. It has been claimed that natural fibres show significant potential as environmentally friendly alternatives to conventional reinforcements such as glass fibres.  A number of natural fibres have been identified which appear to have some appropriate mechanical properties for structural purposes, being of low density, and high specific strength and stiffness. Sisal and flax are examples of such fibres, however many other suitable fibres exist. 
Unfortunately these cellulose based fibres suffer from a variability which is inherent in materials sourced directly from nature. Consequently the documentation of their structural properties does not usually quote specific values, but rather presents ranges which may vary by up to 100% or more of the median values. This presents engineers, used to the availability of consistent and accurate mechanical property data on manmade fibres, with a significant challenge in terms of designing reliable structures based on these natural fibre composites. Table 1 presents some typical ranges which are quoted for some of the properties of natural fibres. Despite the inherent natural variability of the mechanical performance of these fibres it is possible that a significant contributor to the large ranges seen in Table 1 may be due to the cross-sectional shape of natural fibres. The measurement of the longitudinal mechanical properties reinforcements such as fibres has been simplified by their cross-section being circular and uniform along their length. This allows a simple measurement of fibre diameter to be used to calculate the fibre cross-section required to obtain values of modulus and strength from the data taken from a load-displacement curve. Most natural fibres are neither circular in cross section nor uniform along their length. Consequently, a simple “diameter” measurement taken from a transverse 2-dimensional microscope image will usually not be sufficient to accurately assess cross-section at any point and certainly may not be representative of the fibre at any other point. Values for fibre moduli (both transverse and longitudinal) can also be obtained from the mechanical testing of unidirectional fibre reinforced composites if the matrix properties and the fibre volume fraction are known. However, routine determination of the fibre volume fraction of natural fibre reinforced composites is also significantly more challenging than with glass fibre reinforcement.

In this paper we present results on the variability in fibre cross-section along the length of single fibres of flax and sisal and illustrate the influence of this variation on the determination of the single fibre longitudinal tensile modulus and tensile strength. We further report results on longitudinal fibre modulus as a function of gauge length. Data on the longitudinal and transverse modulus of flax and sisal fibres obtained from the analysis of unidirectional fibre reinforced epoxy composites will also be presented and discussed. A novel method of obtaining the natural fibre volume fraction of these composites will be presented.
	
	Modulus

(GPa)
	Strength

(GPa)
	Density        (10-3kg/m3)
	“Diameter”

(m)

	Flax
	27-80
	0.35-1.5
	1.4-1.5
	45-60

	Hemp
	60-80
	0.55-0.9
	1.4-1.5
	20-200

	Sisal
	9-38
	0.4-0.7
	1.33-1.5
	50-300

	Jute
	10-42
	0.4-0.8
	1.3-1.46
	25-50


Table 1 Typical range of properties of natural fibers

