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ABSTRACT

Polyester composites of woven roving (W), chopped strand glass fibre mats (C) and combination of woven roving & chopped strand glass fibre (WC) were prepared at fibre glass contents 1-4 plies. Neat polyester was used as the reference and the polyester composites were prepared by hand-laying method. The incorporation of glass fibres into polyester resulted in the  improvement of the tensile strength and modulus of the composites these properties increased with increase in the number of plies. The tensile strain increased with increase in the number of plies but decreased beyond 3 plies. The tensile strength of the woven roving was observed to be higher than that of the chopped strand mat. This is because woven roving absorbed more matrix than the chopped strand mat thereby impacting more strength to the composite than chopped strand mat composites.
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1. Introduction
The development of polymer composite material and related design in manufacturing technology is one of the most important advances in the history of materials. Polymer composite are multifunctional materials having unprecedented mechanical and physical properties that can be tailored to meet the requirements of a particular application (Myer et al; 2006). Polymer composites are made to form desired structures so as to take the advantages of certain desirable properties of each component (Ashton et al; 1998). It consists of one or more discontinuous phases which are usually hard and strong embedded in a continuous phase. The continuous phase is called the matrix while the discontinuous phase is called the reinforcement (Avila et al; 2008).

Polymer matrix is an essential ingredient in which fibres are embedded in, and provide supporting medium for them and transfer stresses from one fibre to another which determines the degree of realization of mechanical properties of the fibre and final performance of the resultant composites. (Mkaddem et al; 2011). Polymer matrix can be classified as thermoplastic polymers such as polyethylene, polypropylene, polystyrene, nylons, polycarbonate, polyacetals, polyamide-imides, polysulphones, polyphenylene sulphide and thermosetting polymers such as epoxies, polyesters, phenolics, urea, melamine, silicone, polyimide and vinyl ester etc.
Reinforcing agent generally enhance the strength and elasticity of plastics. It can be classified as short fibre-reinforced material which comes in form of flakes, chips, and continuous reinforced materials which are mostly made up of a layered or laminated structure (Lei et al; 2012) and (Sabu et al; 2012).
Fibre-reinforced composite materials have gained popularity in high performance products that need to be light-weight yet strong enough to take harsh loading conditions such as in transport (cars and body panels, bumper, engine components, fuel lines), aerospace (bulk head and floor, landing gear door, rotor blade, satellites structure, cargo liner) (Navirog et al; 2011). Boat decking (Boat hull, submersible pressure hull, propeller, shaft) (Charlestor; 2008). Engineering (pipe system, power transmission drive shaft storage tank, air duct work, pressure vessel) (Dobizaeski et al; 2006), Sports (bike frames, canoe, finishing rods, skipoles, racquets surf band). Health (Artificial teeth) (Kim et al; 2002), Domestic purpose (shower unit, furniture, sanitary wear, bath (Stark; 2011) and (Braem et al; 2009).
The matrix materials can be introduced to the reinforcement before or after the reinforcement material is placed into the mould cavity or on the mould surface. The moulding methods can be by transfer moulding, press moulding, pultrusion moulding, vacuum bag moulding, filament winding, casting, centrifugal casting, wet lay-up, compression moulding, thermoplastic moulding, hand lay-up, spray lay-up (Waterman et al; 2007).
The use of glass fibre to fill polyester has been reported (Aziz and Mohd; 2011), Polyester was reinforced with glass fibre and it was found that the increase in specimen size geometry led to an increase in energy at break, peak load, critical strain energy release rate and critical stress.
In the present report, the effects of reinforcing polyester with woven roving glass fibre (W), chopped strand glass fibre (C), chopped strand glass fibre and woven roving glass fibre (CW), two woven roving glass fibre (WW), two chopped glass fibre (CC), two chopped glass fibre and one woven roving (CWC), two woven roving and one chopped glass fibre (WCW), three woven roving glass fibre (WWW) and three chopped glass fibre (CCC) on the tensile properties of polyester composites were studied.
2. Materials and Method
2.1 Materials
The E-glass fibre and unsaturated polyester resin used in this study were obtained from Centre for Composite Research and Development, JuNeng Nigeria Limited, Nsukka, Enugu state, Nigeria. Methyl ethyl ketone peroxide (MEKP) and Cobalt napthenate were used as the catalyst and accelerator respectively for curing. The polyester has a density of 1.04g/cm3.
2.2 Preparation of composites

The composites were prepared by hand lay-up method using a wheel barrow bucket. Prior to the composite preparation, the mould surface was polished well and a mould releasing agent (waxpol) was applied on the surface of the moulding. Unsaturated polyester resin was mixed with 1-4 plies of woven roving glass fibre, chopped strand glass fibre and combination of the two. Cobalt napthenate accelerator and 1% by wt. MEKP catalyst. The fibre mats was placed in the mould and the resin mixture was poured evenly on it. The air bubbles were carefully removed using a metallic roller and the mat was allowed to wet completely. The  mould was closed and the excess resin was allowed to flow out as flash by pressing in a hydraulic press. The pressure was held constant during the curing process at room temperature for 24 hours. The composite sheet was post cured at 80oC for 4 hours.
2.3 Testing
The tensile tests were performed according to ASTM D638 Standard using universal Testing Machine at a cross head  speed of 5mm/min. Each sample was tested and the tensile strength, tensile modulus recorded.

3.0 Results and Discussion

3.1 Tensile Properties

Figure 1 shows the effect of number of chopped plies on the tensile strength of unfilled and polyester composite was observed to increase with increasing number of chopped strand glass fibre. Tensile strength of the polyester also increased as the number of reinforcing plies increases. The incorporation of the chopped strand causes part of deformational stress in the matrix to be transferred to the fibre. Similar observations have been reported by (Fuad, et al; 1995) for other filled system.

Figure 2 shows the effect of number of woven roving plies on a tensile strength of unfilled and polyester composites. The woven roving reinforced polyester has a higher tensile strength than chopped strand reinforced polyester because the woven roving absorbed more matrix than the chopped strand polyester. 

Comparing the effect of the mixture of both woven roving glass fibre and the chopped strand glass fibre on the tensile strength as shown in figure 3, the CWC and the WCW have higher tensile strength than the neat polyester. This is as a result of better dispersion and filler- matrix interaction which causes  even distribution of force on the large surface area of the CWC and WCW. Similar observation has being reported by (Bigg; 2007). 
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3.2 Tensile strain 

The tensile strain of filled and unfilled polyesters are illustrated in figure 2, the figures show that the tensile strain of chopped strand and woven roving fibre glass filled polyester increased with increases in number of plies, until it got to the point where further increase in number of plies decreased the tensile strain in all the glass fibres considered. This is as result of high localised strains which occurred at the concentration investigated causing  dewetting between polyester and fibre glass. Such a reduction in tensile strain of composite on further addition of fibre have been reported by (Onuegbu and Igwe; 2011). It has been observed from figure 5; W, WW, WWW have strain which are similar but higher than the unfilled polyester but further increase in number of plies led to decrease in tensile strain.
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3.3 Tensile modulus
The experimental data on the tensile modulus of polyester composites are illustrated graphically in figure 7, it is evident that the tensile modulus of the composites increased with increase in number of plies. This is because reinforcement is usually stiffer and stronger than the matrix. The result obtained in this study is in agreement with the findings of (Rozman et al;1999). Figure 7 and 8 also show that the modulus increased with increase in number of plies. polyester /W has higher modulus than polyester/C, because of the woven nature of W. Polyester/WCW has higher tensile modulus than polyester/ C  because more woven roving was used than chopped strand in filling the polyester.
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Note: 0=Neat, 1=C, 2=CC, 3=CCC.
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Note: 0=Neat, 1=W, 2=WW, 3=WWW.
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Note: 0=Neat, 1=CWC, 2=WCW.
4.0 Conclusions
Woven roving glass fibre and chopped strand glass fibre have been utilized successfully in preparing polyester composites. The tensile strength and tensile modulus of the polyester composites were found to increase with increase in number of plies. The tensile strain of the prepared composites increased with increase in number of plies and further addition of plies decreased the tensile strain.
The use of woven roving and chopped strand glass fibre for the automobile industry will greatly reduce the weight which when used in fabricating the entire car body will result to a decrease in fuel consumption and increase in the speed of the car.
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