A physical approach to interfacial strength in natural fibre reinforced composites. 
J.L.Thomason
Department of Mechanical Engineering, University of Strathclyde, 

75 Montrose Street, Glasgow G1 1XJ
In the past decade there has been an upsurge in the research and development of natural fibres (NF) as reinforcements for composite materials. One of the common justifications for this activity is that the properties of some of these fibres, usually the stiffness or specific stiffness, can match that of the glass fibres which currently account for >95% of the reinforcement fibres used in the composite industry. This fact is then further compounded with simple micromechanical models to imply that it should also be possible to match the performance of glass reinforced polymers with similarly manufactured natural fibre materials. However, an overwhelming number of the published results based on such justifications have failed to fulfil these expectations and the natural fibres show only moderate reinforcement in stiffness and very little positive effect on composite strength in comparison to glass fibres. Figure 1 shows the strength of injection moulded jute-polypropylene. It can be seen that addition of NF to PP actually reduced the tensile strength of the system with a greater reduction in strength with increasing fibre content. The tensile strength is only marginally increased when 2% polymer coupling agent is present in the PP matrix. Such results are often explained in terms of the poor interfacial compatibility between many natural fibres and matrix polymers. However, it is also becoming clear that many research programmes based on this hypothesis and subsequently on surface and interfacial modification of natural fibres are also failing to show substantial (and economically acceptable) improvements in composite performance. In this paper we will discuss these effects and propose that their explanation can be found in the internal anisotropic structure of the natural fibres. 
Optimization of the stress transfer capability of the fibre-matrix interphase region is critical to achieving the required performance level in composite materials. One of the generally accepted measurements of this phenomenon is the value of interfacial shear strength (IFSS). Despite an overwhelming focus on the chemical aspects of adhesion at the interface, a number of authors have also commented on the role of shrinkage stresses contributing to the stress transfer capability at the fibre-matrix interface [1-5]. Assuming that the coefficient of friction is non-zero the compressive component of these stresses will contribute to the apparent IFSS [5]. In this paper we present data comparing the apparent IFSS in a number of different fibre reinforced composites over a range of fibre contents. In all cases we show how the data can be well fitted by a residual stress model. Having established the relevance of this model in glass reinforced composites we go on to explore its relevance to natural fibre composites. Unlike glass, many other reinforcement fibres have an anisotropic structure and this has significant influence on the residual stress state in the fibre-matrix interphase. This effect is clearly illustrated in Figure 2. The magnitude of the residual compressive stress at the interface is strongly dependent on the fibre properties [2,4] and extremely low for the jute-PP combination. Combining these values with static friction coefficients [5] for these two systems to obtain an IFSS value, predicted strength ranges have been calculated using the Kelly-Tyson equation and the results are also shown in Figure 1. The experimental data for the jute-PP systems, both with and without coupling agent, fall well within the range of predicted values.
Consequently, although explanations and remedies for the interface and composite performance issues of natural fibre composites are often sought in the chemistry of the system, these results suggest that, for improved reinforcement efficiency, we also need to better understand the role of fibre structure, the levels of residual stress, and the interfacial friction, on the apparent IFSS in natural fibre composites. Only by fully understanding the internal structure-performance relationships of these complex composite fibres can we hope to significantly improve the performance levels of natural fibre reinforced composites.
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Fig. 1: Tensile strength of injection moulded jute-polypropylene





Fig. 2: Radial compressive stress at the interface in polypropylene composites











