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ABSTRACT

Higher environmental awareness and the use of non-naturally decomposed solid wastes have resulted in an increasing use of natural fibres for a wide range of engineering applications especially in automotive applications. The vehicle needs the lightweight body components to improve fuel economy and their performance. Although natural fibre composites possess lightweight properties, their field of application are very limited because of their inherent some weakness; like poor bonding at the fibre/matrix interface adhesion and their strength compare to synthetic fibre likes glass fibre. In this connection, the effect of chemical treatment; alkali (NaOH) and silane treatment (double treatment) on woven mengkuang fibre to hybrid natural fibre composites (woven mengkuang fibre and woven silk fabric) were evaluated experimentally. Composites were fabricated using hand lay-up technique and tested using mode II ENF method based on ASTM D790-03. The results obtained demonstrates that chemical treatment; alkali (NaOH) and silane treatment (double treatment) give an improvement on fibre/matrix interface adhesion based on the value of the rate of critical strain energy release, GIIC for woven mengkuang fibre laminated composites. Based on the GIIC value, it shows that the hybrid natural fibre composites can exhibit the large amount of energy as good as glass fibre composites before failure.
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INTRODUCTION

Natural fibre based composites can boost vehicle performance and improve fuel economy based on their lightweight properties. Although natural fibre composites possess lightweight properties, their field of application are very limited because of their inherent some critical issues like poor bonding at the fibre/matrix interface adhesion and their strength compare to synthetic fibre likes glass fibre (Huda et al. 2008). The properties of natural fibre composites depend on the strength of the fibre and fibre/matrix interface adhesion (Chauhan et al. 2012). The properties of the composites can be improved by hybridization (Jawaid & Khalil 2011). The combination between two or more natural fibre will boost their composites strength to another level and improved the properties of woven mengkuang-epoxy composites using woven silk fabric as the intermediate layer between the woven mengkuang fibres. The recent development in use of woven silk fabric as reinforcement in composites has raised great interest due to their mechanical properties. The use of woven mengkuang fibre fibres in composites is limited, although its use in handicraft industry is widespread (Sheltami et al. 2012). With the combination of good bonding at the fibre/matrix interface adhesion and hybridization, the decent natural fibre composites that can compete with synthetic fibre composites will be developed.
	To investigate these issues, the inter-laminar fracture toughness testing was proposed. The importance of inter-laminar fracture is critical to the laminated composites; to study the effect of fibre/matrix interface adhesion bonding on the strength of sample, in term of critical strain energy release rate, GIIC. The use of GIIC is to characterize the inter-laminar fracture toughness. The critical strain energy release rate is a measure of the energy necessary for crack initiation. The most important modes of delamination seem to be modes I and modes II, but in this study the highlight scope is on mode II. 
	Table 1: The configuration of layers for hybridization 
	Symbol
	Configuration of layers (side by side between pre-crack)

	SMSMS//SMSMS
	Untreated sample: silk/mengkuang/silk/mengkuang/silk

	
	7.5%NaOH+silane treated sample: silk/mengkuang/silk/mengkuang/silk

	SSMSS//SSMSS
	Untreated sample: silk/silk/mengkuang/silk/silk

	
	7.5%NaOH+silane treated sample: silk/silk/mengkuang/silk/silk

	SSMMSS//SSMMSS
	Untreated sample: silk/silk/mengkuang/mengkuang/silk/silk

	 
	7.5%NaOH+silane treated sample: silk/silk/mengkuang/mengkuang/silk/silk


    Table 1 shows the configuration of layers for hybridization of woven mengkuang fibre and woven silk. Three different of layers configuration was chosen and each layers configuration divided by different condition of woven mengkuang fibre; untreated and treated with 7.5%NaOH+silane.

RESULTS AND DISCUSSION

Each result and data from the ENF testing has been analyse using Direct Beam Theory (DBT) to get their critical strain energy release value. Only two parameters that have been considered; maximum flexure load and the flexure extension of sample at maximum flexure load (Prasad et al. 2011). Figure 1 shows the sample condition during ENF testing. The dimension of ENF testing sample for Mode II Delamination is based on ASTM D790-03.


Fig. 1 Sample condition during ENF testing

Figure 2 shows the effect of layers configuration on the value of maximum flexure load that materials can withstand before the drop in load during testing. This situation also can describe the vital point when the sample started to fail or the crack started to propagate. Based on the Figure 3, the value of GIIC shows the pattern of improvement based on the condition of woven mengkuang fibre; from untreated condition to alkali treatment (7.5% NaOH concentration). The treated woven mengkuang seems provide a good combination with woven silk; improvement in terms of adhesion compatibility between fibre surface and matrix. At 7.5%NaOH+silane; 4 layers woven mengkuang fibre laminated composites exhibit higher value of GIIC compared to others. The treated woven mengkuang fibre hybrid composites at 7.5% NaOH+silane; 822.6 J/m2 offer the value of GIIC higher than untreated woven mengkuang fibre; 670.7 J/m2 and glass fibre; 723.7 J/m2.
The woven mengkuang fibre acts the role as honeycomb, which gives the thickness and also provides the lightweight properties to the materials. The treated woven mengkuang fibre possesses the ability to forming easily at complex shape due to NaOH effect. Mengkuang fibre contained a film of substances, which include cellulose, hemicellulose, pentosans, lignin and ash. After NaOH treatment, the amount of lignin and pentosans are reduced resulting in a rougher surface and fibre became softer. This rough surface assists both mechanical interlocking and bonding reaction due to the exposure of the hydroxyl groups to the matrix, thus increasing the fibre/matrix adhesion compatibility. After that, the treatment of fibre with silane coupling agents significantly will boost further the improvement of interfacial adhesion and therefore the mechanical properties of composites. 


Fig. 2 Maximum flexure load for each hybrid sample 


Fig. 3 The value of GIIC for each sample 

CONCLUSION

Based on the GIIC value, it shows that the chemical treatment like alkali treatment and silane can improve the bonding at the fibre/matrix interface adhesion. A good bonding will give the higher strength compare to the poor bonding at the fibre/matrix interface adhesion. It also shows the hybrid natural fibre composites with certain layers configuration can exhibit the large amount of energy before they starts to fail.
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