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1.0 Introduction
Oil palm industries generate abundant amount of biomass say in million of tons per year, which when properly used will not only be able to solve the disposal problem but also can create value added products from this biomass.
Oil palm biomass fibres offer excellent specific properties and have potential as outstanding reinforcing fillers in the matrix and can be used as an alternative material for biocomposites, hybrid composites, pulp, and paper industries(1).
Composites are termed as biocomposite materials when one of its phases, either matrix (polymer) or reinforcement/ filler (fibers) comes from natural source. (2) 
Plastics when filled with fibers are generally referred to as Fiber Reinforced Plastics (FRP). Presently, polymer matrix composite is the only bridge for harmonizing the need of the present day technology with material property requirement.  The monolithic conventional materials lack some of the desired properties for modern day technology and these properties are only found in Fiber Reinforced Plastics (FRP). Globally, the technology of transforming waste into wealth is a vibrant path to economic growth. In most countries, agriculture plays a pivotal role in its economic growth as such after harvest; large quantities of wastes are generated. These wastes constitute environmental pollution. Today these wastes have found a place in the Reinforced Plastic Industry where value has been added to it. There are quite a number of reasons why agricultural waste is used in composite making. This is because they give composites improved mechanical properties and reduce cost. Other advantages are related to their cycle of production that is economical and their ease of processing which demands simple equipment and safer handling and working conditions when compared to glass. A lot of works have been done using different plant fillers, but only few of these researchers have considered shells of these nuts which are exceptionally hard with good waterproof property (7).
During the past decades, natural fibers have attracted the interest of material scientists, researchers, and industries because of their specific advantages as compared to conventional or synthetic fibers (2).  Natural fibres such as hemp, kenaf, jute, sisal, banana, flax, oil palm etc. have been in considerable demand in recent years due to their eco-friendly and renewable nature. Natural fibres received considerable attention as potential reinforcements in polymer composite.
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The attraction towards utilization of natural fibres as a reinforcement of polymer-based composites is mainly due to their various advantages over synthetic fibres such as are low density, lower cost, light weight, high strength to weight ratio, biodegradability, acceptable specific properties, better thermal and insulating properties.
Natural fibre are also less wear and tear in processing, lower energy requirements for processing, wide availability and relative non abrasiveness over traditional reinforcing fibres such as glass and carbon. Natural fibre based polymer composites made of jute, oil palm, flex, hemp, kenaf have a low market cost, attractive with respect to global sustainability and find increasing commercial use in different applications. Despite the advantages, use of natural fibre reinforced composites has been restricted due to its high moisture absorption tendency, poor wettability, and low thermal stability during processing and poor adhesion with the synthetic counterparts. Natural fibres are not suitable for high performance military and aerospace applications due to its low strength, environmental sensitivity, and poor moisture resistance which results in degradation in strength and stiffness of natural fibre reinforced composites. Most of the drawbacks that have been identified can be overcome by effective hybridization of natural fibre with synthetic fibre or natural fibre (1).
Palm tree is grown solely for its oil content. A matured tree can grow up to 20m with leaves 3-5m long. A young tree will produce about 30 new leaves a year while a 10 year-old tree will produce about 20 leaves a year. After flowering, the fruit takes 5-6 months to mature. The reddish fruit grows large bunches. Each fruit contains a single seed called the palm kernel which is surrounded by a soft oily pulp.
The oil is extracted from the pulp to produce palm oil. There are several types of fibers that can be obtained from a palm kernel tree (7). For this study the shell of the palm kernel nut and pulp fibre ash will be used.
Agro wastes such as palm kernel nut shell have proved to possess good compatibility with HDPE; these may be as a result of its constituents like cellulose, lignin and hemicelluloses. (13)
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The use of palm kernel nut shell as a filler for polymer matrix composite is highly advantageous in the sense that, it is a very hard and waterproof material with good resistance to microbial attack and also gives material of low weight that is recyclable, biodegradable and renewable. It has relatively high strength and stiffness and has no skin irritation effect (9).
The interface between the reinforcing agent and the matrix plays a pivotal role in determining the mechanical properties of composite materials. Research efforts have shown that the major problem associated with natural fiber - polymer matrix composite is that of the interface. (8). While natural fiber is hydrophilic, PP is hydrophobic making it impossible for the two bodies to naturally bond together without any form of treatment. (15)
However, the choice of suitable natural fibers remains on many factors such as elongation at failure, thermal stability, adhesion of fibers and matrix, dynamic and long-term behavior, final price, and processing cost (2)
To my knowledge, no study was found where palm kernel shell particle and oil palm fruit fiber was reinforced with thermoplastics.
1.1 	Thermoplastics
Plastics are organic polymeric materials consisting of giant organic molecules. Plastic materials can be formed into shapes by one of a variety of processes, such as extrusion, moulding, casting or spinning. Modern plastics (or polymers) possess a number of extremely desirable characteristics; high strength to weight ratio, excellent thermal properties, electrical insulation, resistance to acids, alkalis and solvents, to name but a few. 
These polymers are made of a series of repeating units known as monomers. The structure and degree of polymerisation of a given polymer determine its characteristics. Linear polymers (a single linear chain of monomers) and branched polymers (linear with side chains) are thermoplastic,
Thermoplastics are polymers that require heat to make them processable. After cooling, such materials retain their shape. Two main kinds of polymers are thermosets and thermoplastics. In addition; these polymers may be reheated and reformed, often without significant changes in their properties. 
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The thermoplastics which have been used as matrix for natural fiber reinforced composites are as follows:
* High density polyethylene (HDPE) used in piping, automotive fuel tanks, bottles, toys,
* Low density polyethylene (LDPE) used in plastic bags, cling film, flexible containers;
* Polyethylene terephthalate (PET) used in bottles, carpets and food packaging;
* Polypropylene (PP) used in food containers, battery cases, bottle crates, automotive parts and fibres;
* Polystyrene (PS) used in dairy product containers, tape cassettes, cups and plates;
* Polyvinyl chloride (PVC) used in window frames, flooring, bottles, packaging film, cable insulation, credit cards and medical products. (16)
* Chlorinated polyethylene (CPE) 
* Mixtures of polymers 
* Recycled Thermoplastics (13)
There are hundreds of types of thermoplastic polymer, and new variations are regularly being developed. In developing countries the numbers of plastics in common use, however, tends to be much lower.
Low density polyethylene (LDPE) contains branches or co-monomer components. Because of these disruptions in chain regularity, LDPE has a much lower crystallinity than high density polyethylene (HDPE) and hence, a lower density. One consequence of this lower density is a lower modulus, which means LDPE is not often selected as a matrix for composites. 
One exception is polyethylene fiber reinforced polyethylene. Since LDPE has a lower melting point than the ultra high molecular weight polyethylene used to make polyethylene fibers (>140oC), it is possible to consolidate LDPE without melting the fibers.                       
Since HDPE is highly crystalline and non-polar it is quite inert. It absorbs very little water and is not attacked by most acids, bases or solvents. For these reasons it is often used in containers. Since HDPE is relatively inert it is difficult to achieve good interfacial adhesion in composites. Often malaic anhydride grafted polyethylene is added to HDPE to improve interfacial adhesion to the reinforcing fibers. (9)
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Only those thermoplastics are useable for natural fiber reinforced composites, which processing temperature (temperature at which fiber is incorporated into polymer matrix) does not exceed 230°C. These are, most of all, polyolefinnes, like polyethylene and polypropylene. (13)
Technical thermoplastics, like polyamides, polyesters and polycarbonates require processing temperatures > 250°C and are therefore not useable for such composite processing without fiber degradation.
Thermoplastic resins commonly in use are as follows:
Polypropylene
Nylon (polyamide)
Poly-ether-imide (PEI)
Poly-ether-sulphone (PES)
Poly-ether-ether-ketone (PEEK) (10)

1.1.1	Resins 
Typically, most common composite materials, including fiberglass, carbon fiber, and Kevlar, include at least two parts, the substrate and the resin. Polyester resin tends to have yellowish tint, and is suitable for most backyard projects. Its weaknesses are that it is UV sensitive and can tend to degrade over time, and thus generally is also coated to help preserve it. 
In the aerospace industry, epoxy is used as a structural matrix material or as structural glue. Shape memory polymer (SMP) resins have varying visual characteristics depending on their formulation. These resins may be epoxy-based, which can be used for auto body and outdoor equipment repairs; cyanate- ester-based, which are used in space applications.
1.1.2	Plastics for recycling
Not all plastics are recyclable. There are 4 types of plastic which are commonly recycled:
• Polyethylene (PE) - both high density and low-density polyethylene.
• Polypropylene (PP)
• Polystyrene (PS)
• Polyvinyl chloride (PVC)
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A common problem with recycling plastics is that plastics are often made up of more than one kind of polymer or there may be some sort of fibre added to the plastic    (a composite) to give added strength. This can make recovery difficult. (16)

1.2 Palm Kernel Shell (PKS)
The PKS are obtained after extraction of the palm oil the nuts are broken and the kernels are removed with the shells mostly left as waste. The PKS are hard stony endocarps that surround the kernel and the shells come in different shapes and sizes. (4)
Less than 10% of this shells generated are utilized domestically while the remaining 90% are dump as waste and most often it constitute environmental pollution as they usually become breeding place for mosquitoes and rodents (6).
Palm kernel shell powder is made from the most versatile part of the palm kernel which is from the shell where this shell is organic in nature. High filler content, however many adversely affect the processability, ductility and strength of the composites. (7)
 Nowadays, the cost is one of the major factors which prohibit wider use of polyester for general day-to-day applications. The overall cost can be reduced either by finding 
a less expensive processing method or by blending the polymer with low cost filler materials. In order to improve the mechanical, physical and other properties, or totailor a composite for a specific use or to facilitate processing and reducing the cost, natural fibers has been used as  reinforcing or filler materials.    
   Palm kernel nut shell is one of the most important natural fillers produced in tropical countries.  Palm kernel nut shell filler is a potential candidate for the development of new composites because of their high strength and modulus properties.  Palm kernel nut shell filler can be used in the broad range of applications as, building materials, Vehicle parts, and other household appliances. The objective of this paper is to study the tensile and flexural properties of epoxy composites based on palm kernel nut shell filler particles.
The advantages of plant fibers are low cost, low density, acceptable specific strength, and good thermal insulation properties, reduced tool wear, and reduced dermal and respiratory irritation, renewable resource and recycling possible without 9
affecting the environment. Growing attention is nowadays being paid to palm kernel nut fiber. Palm kernel nut shell (Elaeis Guineasis) is widely available at very low cost, so it is an ideal filler material in this regard. 
The palm kernel nut shell could be obtained from the market. The nut shell was grounded to become powder. A particle size analyzer will be used to separate the particle size. (5)
1.2.1	Reinforcements 
Reinforcements for the composites can be fibers, fabrics, particles or whiskers. Fibers are essentially characterized by one very long axis with other two axes either often circular or near circular. Particles have no preferred orientation and so does their shape. Whiskers have a preferred shape but are small both in diameter and length as compared to fibers.(10) 
1.2.2	Composite materials
Composite materials, often shortened to composites or called composition materials, are engineered or naturally occurring materials made from two or more constituent materials with significantly different physical or chemical properties which remain separate and distinct at the macroscopic or microscopic scale within the finished structure. Composites are materials that comprise strong load carrying material (known as reinforcement) imbedded in weaker material (known as matrix). Reinforcement provides strength and rigidity, helping to support structural load. 
The matrix or binder (organic or inorganic) maintains the position and orientation of the reinforcement. Significantly, constituents of the composites retain their individual, physical and chemical properties; yet together they produce a combination of qualities which individual constituents would be incapable of producing alone. (13)
 Thermoplastic Composites Market, 2009-2014, Lucintel stated that thermoplastic composites are becoming the material of choice for replacing traditional materials such as steel, aluminium and wood, among others.  A common example of a composite would be disc brake pads, which consist of hard ceramic particles embedded in soft metal matrix. Another example is found in shower stalls and bathtubs which are made of fibreglass. Imitation granite and cultured marble sinks and countertops are also widely used. The most advanced examples perform 
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 routinely on spacecraft in demanding environments. Wattle and daub is one of the oldest manmade composite materials, at over 6000 years old. Concrete is also a composite material, and is used more than any other man-made material in the world 
Composites are made up of individual materials referred to as constituent materials. There are two categories of constituent materials: matrix and reinforcement. At least one portion of each type is required. The matrix material surrounds and supports the reinforcement materials by maintaining their relative positions. The reinforcements impart their special mechanical and physical properties to enhance the matrix properties. A synergism produces material properties unavailable from the individual constituent materials, while the wide variety of matrix and strengthening materials allows the designer of the product or structure to choose an optimum combination. 
Engineered composite materials must be formed to shape. The matrix material can be introduced to the reinforcement before or after the reinforcement material is placed into the mould cavity or onto the mould surface. The matrix material experiences a melting event, after which the part shape is essentially set. 
Depending upon the nature of the matrix material, this melting event can occur in various ways such as chemical polymerization or solidification from the melted state. 
A variety of moulding methods can be used according to the end-item design requirement. 
The principal factors impacting the methodology are the natures of the chosen matrix and reinforcement materials. Another important factor is the gross quantity of material to be produced. Large quantities can be used to justify high capital expenditures for rapid and automated manufacturing technology. Small production quantities are accommodated with lower capital expenditures but higher labour and tooling costs at a correspondingly slower rate. Most commercially produced composites use a polymer matrix material often called a resin solution. There are many different polymers available depending upon the starting raw ingredients. A major advantage of thermoplastics over thermosets is the ability to regrind and reuse the material. Another key aspect is shelf life. Unlike thermosets, thermoplastics can be easily stored for long periods of time without loss of 
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performance or ability to process.
Recyclability is becoming increasingly important. People are demanding green technologies and recycled content in the products they buy. (13)
There are several broad categories, each with numerous variations. The most common are known as polyester, vinyl ester, epoxy, phenolic, polyimide, polyamide, polypropylene, polyetheretherketone (PEEK), and others. The reinforcement materials are often fibres but also commonly ground minerals. There is a direct correlation between the cost and the temperature resistance of the resin. Resins that offer the highest capabilities are the most expensive. (10)
Long fibre compounds produce tough, lightweight injection mouldable compounds, with reinforcement fibres running the entire length of the pellets. Long fibre compounds with fibres of more than 0.5 inch (12.7 mm) in length.
These give better strengths, modulus and impact combinations, also fatigue endurance values than you cannot with traditional chopped, shorter fibre lengths and aspect ratios (13)
The various methods described below have been developed to reduce the resin content of the final product, or the fibre content is increased. As a rule of thumb, lay up results in a product containing 60% resin and 40% fibre, whereas vacuum infusion gives a final product.
1.2.2.1	Types of Composites
There are two types of polymer composites are:
• Fiber reinforced polymer (FRP)
• Particle reinforced polymer (PRP)
1.2.2.1.1 Fiber Reinforced Polymer
Common fiber reinforced composites are composed of fibers and a matrix.
Fibers are the reinforcement and the main source of strength while matrix glues all the fibers together in shape and transfers stresses between the reinforcing fibers. The fibers carry the loads along their longitudinal directions. Sometimes, filler might be added to smooth the manufacturing process, impact special properties to the composites, and / or reduce the product cost.
Common fiber reinforcing agents include asbestos, carbon / graphite fibers, beryllium, beryllium carbide, beryllium oxide, molybdenum, aluminium oxide,
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 lass fibers, polyamide, natural fibers etc. Similarly common matrix materials include epoxy, phenolic, polyester, polyurethane, polyetherethrketone (PEEK), vinyl ester etc. Among these resin materials,PEEK is most widely used. Epoxy, which has higher adhesion and less shrinkage than PEEK, comes in second for its high cost. (13)
1.2.2.1.1.1	Categories of fiber-reinforced composite materials 
Typologies of fibre-reinforced composite materials: 
A. Continuous aligned fibre-reinforced 
B. Discontinuous aligned fibre-reinforced
C. Discontinuous random-oriented fibre-reinforced. 
Fiber-reinforced composite materials can be divided into two main categories normally referred to as short fiber- reinforced materials and continuous fiber-reinforced materials. 
Continuous reinforced materials will often constitute a layered or laminated structure. The woven and continuous fibre styles are typically available in a variety of forms, being pre-impregnated with the given matrix (resin), dry, uni-directional tapes of various widths, plain weave, and harness satins, braided, and stitched. The short and long fibers are typically employed in compression moulding
and sheet moulding operations. These come in the form of flakes, chips, and random mate (which can also be made from a continuous fibre laid in random fashion until the desired thickness of the ply / laminate is achieved). (12)

1.2.2.1.2 Particle Reinforced Polymer
Particles used for reinforcing include ceramics and glasses such as small mineral particles, metal particles such as aluminium and amorphous materials, including polymers and carbon black. Particles are used to increase the modules of the matrix and to decrease the ductility of the matrix. Particles are also used to reduce the cost of the composites. Reinforcements and matrices can be common, inexpensive materials and are easily processed. Some of the useful properties of ceramics and glasses include high melting temp., low density, high strength, stiffness; wear resistance, and corrosion resistance.  Many ceramics are good electrical and thermal insulators. Some ceramics have special properties; some ceramics are magnetic materials; some are piezoelectric materials; and a few special ceramics are even 
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superconductors at very low temperatures. Ceramics and glasses have one major drawback: they are brittle. An example of particle reinforced composites is an automobile tyre which has carbon black particles in a matrix of poly-isobutylene elastomeric polymer.
Polymer composite materials have generated wide interest in various engineering fields, particularly in aerospace applications. Research is underway worldwide to develop newer composites with varied combinations of fibers and fillers so as to make them useable under different operational conditions. (13)
1.2.2.2	Shortcomings of Composite
Failure Shock, impact, or repeated cyclic stresses can cause the laminate to separate at the interface between two layers, a condition known as delamination. Individual fibres can separate from the matrix e.g. fibre pull-out. 
Composites can fail on the microscopic or macroscopic scale. 
Compression failures can occur at both the macro scale or at each individual reinforcing fibre in compression buckling. Tension failures can be net section failures of the part or degradation of the composite at a microscopic scale where one or more of the layers in the composite fail in tension of the matrix or failure the bond between the matrix and fibres. Some composites are brittle and have little reserve strength beyond the initial onset of failure while others may have large deformations and have reserve energyabsorbing capacity past the onset of damage.                The variations in fibres and matrices that are available and the mixtures that can be made with blends leave a very broad range of properties that can be designed into a composite structure. The best known failure of a brittle ceramic matrix composite occurred when the carbon-carbon composite tile on the leading edge of the wing of the Space Shuttle Columbia fractured when impacted during take-off. It led to catastrophic break-up of the vehicle when it re-entered the Earth's atmosphere on 1 February 2003. Compared to metals, composites have relatively poor bearing strength (14)
1.3	Materials Selection and Processing
1.3.1	Materials Selection
Cost a key consideration; if a composite of toughest physical requirements is developed but fail to meet customer cost, customer will shun it.
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Morphology is the best way to narrow the choices. Morphology classifies thermoplastics as either amorphous or semi-crystalline. 
Reinforcement; after selecting the resin, the next decision is what to add to impart performance. The aspect ratio of an additive to predict the type of physical property enhancement it will impart when compounded into the base resin. Additives with aspect ratios of less than 10 have little ability to improve tensile and flexural strength, while those with an aspect ratio above 50 – referred to as reinforcements – can significantly improve the tensile and flexural strength of the base resin.(13)
1.3.2 	 Processing methods 
In general, the reinforcing and matrix materials are combined, compacted and processed to undergo a melding event. After the melding event, the part shape is essentially set, although it can deform under certain process conditions. 
For a thermoplastic polymeric matrix material, the melding event is solidification from the melted state. For a metal matrix material such as titanium foil, the melding event is a fusing at high pressure and a temperature near the melt point. For many moulding methods, it is convenient to refer to one mould piece as a "lower" mould and another mould piece as an "upper" mould. Lower and upper refer to the different faces of the moulded panel, not the mould's configuration in space. In this convention, there is always a lower mould, and sometimes an upper mould.
Part construction begins by applying materials to the lower mould. Lower mould and upper mould are more generalized descriptors than more common and specific terms such as male side, female side, a-side, b- side, tool side, bowl, hat, mandrel, etc. Continuous manufacturing processes use a different nomenclature. The moulded product is often referred to as a panel.
For certain geometries and material combinations, it can be referred to as a casting. For certain continuous processes, it can be referred to as a profile. Applied with a pressure roller, a spray device or manually. This process is generally done at ambient temperature and atmospheric pressure. Processing methods include resin transfer moulding (RTM), vacuum infusion and low-pressure bag moulding.
Two variations of open moulding are Hand Layup and Spray-up. (11)
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1.3.2.1 Vacuum bag moulding
A process using a two-sided mould set that shapes both surfaces of the panel. On the lower side is a rigid mould and on the upper side is a flexible membrane or vacuum bag. The flexible membrane can be a reusable silicone material or an extruded polymer film. Then, vacuum is applied to the mould cavity. This process can be performed at either ambient or elevated temperature with ambient atmospheric pressure acting upon the vacuum bag. Most economical way is using a venturi vacuum and air compressor or a vacuum pump. A vacuum bag is a bag made of strong rubber-coated fabric or a polymer film used to bond or laminate materials. In some applications the bag encloses the entire material, or in other applications a mold is used to form one face of the laminate with the bag being single sided to seal the outer face of the laminate to the mold. The open end is sealed and the air is drawn out of the bag through a nipple using a vacuum pump. 
As a result, uniform pressure approaching one atmosphere is applied to the surfaces of the object inside the bag, holding parts together while the adhesive cures. The entire bag may be placed in a temperature-controlled oven, oil bath or water bath and gently heated to accelerate curing. In commercial woodworking facilities vacuum bags are used to laminate curved and irregular shaped work pieces. Vacuum bagging is widely used in the composites industry as well. Carbon fiber fabric and fiberglass, along with resins and epoxies are common materials laminated together                                                                                                                                                                                                                                                              with a vacuum bag operation. 
Typically, polyurethane or vinyl materials are used to make the bag, which is commonly open at both ends. This gives access to the piece, or pieces to be glued. A plastic rod is laid onto the bag, which is then folded over the rod. A plastic sleeve with an opening in it is then snapped over the rod. This procedure forms a seal at both ends of the bag, when the vacuum is ready to be drawn. A "platen" is used inside the bag for the piece being glued to lie on. The platen has a series of small slots cut into it, to allow the air under it to be evacuated.
The platen must have rounded edges and corners to prevent the vacuum from tearing the bag. When a curved part is to be glued in a vacuum bag, it is important that the pieces being glued be placed over a solidly built form, or has an air bladder placed under the form. This air bladder has access to "free air" outside the bag. 
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It is used to create an equal pressure under the form, preventing it from being crushed. 
1.3.2.2 Pressure bag moulding 
This process is related to vacuum bag moulding in exactly the same way as it sounds. A solid female mould is used along with a flexible male mould. The reinforcement is placed inside the female mould with just enough resin to allow the fabric to stick in place (wet lay up). A measured amount of resin is then liberally brushed indiscriminately into the mould and the mould is then clamped to a machine that contains the male flexible mould. The flexible male membrane is then inflated with heated compressed air or possibly steam. The female mould can also be heated. Excess resin is forced out along with trapped air. This process is extensively used in the production of composite helmets due to the lower cost of unskilled labor. Cycle times for a helmet bag moulding machine vary from 20 to 45 minutes, but the finished shells require no further curing if the moulds are heated. 
1.3.2.3 Autoclave moulding 
A process using a two-sided mould set that forms both surfaces of the panel. On the lower side is a rigid mould and on the upper side is a flexible membrane made from silicone or an extruded polymer film such as nylon. Reinforcement materials can be 
placed manually or robotically. They include continuous fibre forms fashioned into textile constructions. Most often, they are pre-impregnated with the resin in the form of prepreg fabrics or unidirectional tapes. In some instances, a resin film is placed 
upon the lower mould and dry reinforcement is placed above. The upper mould is installed and vacuum is applied to the mould cavity. The assembly is placed into an autoclave. This process is generally performed at both elevated pressure and elevated temperature. The use of elevated pressure facilitates a high fibre volume fraction and low void content for maximum structural efficiency. 
1.3.2.4 Resin transfer moulding (RTM) 
A process using a two-sided mould set that forms both surfaces of the panel. The lower side is a rigid mould. The upper side can be a rigid or flexible mould. Flexible moulds can be made from composite materials, silicone or extruded polymer films such as nylon. The two sides fit together to produce a mould cavity. The distinguishing feature of resin transfer moulding is that the reinforcement materials 
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are placed into this cavity and the mould set is closed prior to the introduction of matrix material. Resin transfer moulding includes numerous varieties which differ in the mechanics of how the resin is introduced to the reinforcement in the mould cavity. These variations include everything from vacuum infusion (for resin infusion see also boat building) to vacuum assisted resin transfer moulding (VARTM). This process can be performed at either ambient or elevated temperature. 
Other Other types of moulding include press moulding, transfer moulding, pultrusion moulding, filament winding, casting, centrifugal casting and continuous casting. There are also forming capabilities including CNC filament winding, vacuum infusion, wet lay-up, compression moulding, and thermoplastic moulding, to name a few. The use of curing ovens and paint booths is also needed for some projects Tooling Some types of tooling materials used in the manufacturing of composites structures include invar, steel, aluminium, reinforced silicone rubber, nickel, and carbon fiber. 
Selection of the tooling material is typically based on, but not limited to, the coefficient of thermal expansion, expected number of cycles, end item tolerance, desired or required surface condition, method of cure, glass transition temperature of the material being moulded, moulding method, matrix, cost and a variety of other considerations.  (10)
1.4.	Properties 
Compared to traditional materials, composites have higher strength-to-weight ratios, better chemical and impact resistance and offer greater design flexibility, Lucintel observes. The future of the thermoplastic composites market is projected to be extremely strong through 2014 and beyond. (13)
The physical properties of composite materials are generally not isotropic (independent of direction of applied force) in nature, but rather are typically anisotropic (different depending on the direction of the applied force or load). For instance, the stiffness of a composite panel will often depend upon the orientation of the applied forces and/or moments.
Isotropic materials (for example, aluminium or steel), in standard wrought forms, typically have the same stiffness regardless of the directional orientation of the applied forces and/or moments. The relationship between forces/moments and strains/ curvatures for an isotropic material can be described with the following 
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material properties: Young's Modulus, the shear Modulus and the Poisson's ratio, in relatively simple mathematical relationships. For the anisotropic material, it requires the mathematics of a second order tensor and up to 21 material property constants. For the special case of orthogonal isotropy, there are three different material property constants for each of Young's Modulus, Shear Modulus and Poisson's ratio—a total of 9 constants to describe the relationship between forces/moments and strains/ curvatures. Techniques that take advantage of the anisotropic properties of the materials include mortise and tenon joints (in natural composites such as wood) and Pi Joints in synthetic composites. 
1.4.1 Testing and Application
1.4.1.1 Testing
To aid in predicting and preventing failures, composites are tested before and after construction. Pre- construction testing may use finite element analysis (FEA) for ply-by-ply analysis of curved surfaces and predicting wrinkling, crimping and dimpling of composites. Materials may be tested after construction through several nondestructive methods including ultrasonics, thermography, shearography and X-ray radiography (5)
1.4.1.2 Application
The long fibre composites have become the material of choice for demanding applications, such as replacing metal in load-bearing applications. The high aspect ratio in long fibre composites also enables them to exhibit excellent creep resistance,
With the advent of long fibres, the use of thermoplastic composites has increased dramatically in automotive structures; specifically in front end modules and door modules, which in the past have used metal for structural support.  Auto makers are gaining more and more confidence in these materials. (13) 
 They like the energy-absorbing qualities of these composites in crash situations. The material absorbs a lot of energy and provides improved safety. 30% glass fibre reinforced polyphthalamide (PPA) compound that contains an internal lubricant produced specifically gearbox applications, can be used to produce gear wheels, friction bearings and ball bearing cages, among other applications requiring reduced friction and minimum abrasion. (14)

19
1.4.1.2.1 Applications of Palm Kernel shell and fibre ash reinforced thermoplastics composites
The about to be developed composites will be very cost effective material for following applications:
* Underground laying pipe for urban water transportation and distribution
* Building and construction industry: panels for partition and false ceiling, partition boards, wall, floor, window and door frames, roof tiles, mobile or pre-fabricated buildings which can be used in times of natural calamities such as floods.
* Storage devices: post-boxes, grain storage silos, bio-gas containers, etc.
* Furniture: chair, table, shower, bath units, etc.
* Electric devices: electrical appliances, pipes, etc.
* Everyday applications: lampshades, suitcases, helmets, etc.
* Transportation: automobile and railway coach interior, boat, and so on.

1.5 Background of the Research and Statement of the Problem
The environmental issue that is alarming and the present scenario of the world. This issue is on the top of national and international agenda. Hence, these natural or bio-based fibers, which are biodegradable unlike the synthetic fibers, have become the centre of attraction. In addition to this, low cost, low density, specific properties comparable to those of synthetic fibers, ease of separation, carbon dioxide seizure, non-corrosive, reduced tool wear, reduced dermal and respiratory irritation have increased the interest in using natural or biofibers with various available synthetic and natural polymeric materials.(2)
The high cost of few available underground pipe for urban water transportation and incessant leaking of the buried pipe.

1.6 Aim of the Research
The aim of this research is to produce thermoplastic composite from thermoplastics reinforced with palm kernel shell and oil palm fruit fibre ash with potential application in underground pipe for urban water transportation.
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1.7 Objectives of the Research
. To achieve these, a study will be carried out with the following objectives:
* To develop a new class of composites of high strength to explore the potential of palm kernel shell particles and fibre ash.
* To study the effect of palm kernel shell powder and oil palm fruit fibre ash on mechanical behaviour of reinforced thermoplastics.
* Evaluation of mechanical properties such as: tensile strength, flexural strength, tensile modulus, impact strength and so on.
1.8 Expected contribution to Knowledge
The successful completion of this research work will lead to the development of the palm kernel shell and fibre ash as a filler to increase the mechanical and physical properties of thermoplastics. 
1.9 Scope of the Work
The scope of the research will cover:
* Roasting and grinding of palm kernel shell
* Washing and burning to ashes the oil palm fruit pressed fibre
* Production of composite of palm kernel shell particle and oil palm fruit fibre ash as     the filler and thermoplastics as the matrix. 
* The mechanical tests to be carried out are tensile strength, Flexural Strength and Swelling Behaviour
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2.0 Materials and Method
2.1 Materials
The Materials that wll be needed for this research work are PK (Palm kernel shell particulates), Oil Palm fruit fibre ash, Thermoplastics, Water, Palladium
2.2 Equipments
The equipments that will be needed in the course of this research work are: Grinding machine, Sieves, Instron Tensile Test Machine Model 5569, Scanning Electron Microscope, Rolling mill, Digital Scale-Precisa XB6200D, Impact Pendulum Tester
2.3 Experimental Methods 
The shelll and oil fruit fibre will be washed with detergent, the shell of palm kernel will be crushed using laboratory mill and the particle size will be reduced using a ball mill and oil palm fruit fibre will be burnt to ash. It will be then sieved using ASTM standard sieve, Polypropene will be bought in reliable company and mould will be designed for different properties analysis.
2.3.1 Preparation of Composite
Differents sizes and weight palm kernel shell particulates, fibre ash and hybrid – Polypropene will be compounded. This will be achieved using Two Roll Mill model No 5183 at a processing temperature of 150oC and speed of 1.0 and 2.5rpm for rear and front roll respectively for 7minutes (7)
2..3.2 Tensile Strength
Tensile strength is known to be a measure of the ability of a material to withstand forces that tend to pull it apart. Tensile strength determines the extent a material stretches before breaking. (9)
Tensile test is carried out according to ASTM D 638 on an Instron Tensile Test Machine Model 5569. Composites samples with 3 mm in thickness, 15 mm in width and 150 mm in length will be cut from the molded sheet using cutter machine. A cross head speed of testing at 3 mm/min will be used and the test will be performed at 25 ± 3ºC. Tensile properties are measured on 5 identical samples for each composition and the average values were reported. Tensile strength, elongation at break and Young’s modulus will be recorded and automatically calculated by the instrument software. 
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2.3.3 Flexural Strength
Flexural strength is the ability of the composite material to withstand bending forces applied perpendicular to its longitudinal axis. Flexural tests were carried out using an Instron machine, with maximum load of 250 kN. It is reported in ASTM D 3039/D that five specimens per test condition should be carried out for testing the polymer matrix composite materials and all tests will be carried out according to the above mentioned standard. (14)
2.3.4  Impact test 
All notched Izod impact test specimens will be cut into rectangular shape with thickness of 3.0 mm. The impact strength will be conducted according to ASTM D256 (ASTM 2006) using Impact Pendulum Tester (Model Ceast CE UM-636), performed at 7.5 Joules. Seven specimens will be tested and at least five replicate specimens will be presented as the mean of tested specimens. (3)
2..3.5  Swelling Behaviour
The composite samples will be dried at 80ºC for 24 hours and immersed in distilled water at room temperature. The water absorption will be determined by weighing the samples at regular intervals. The specimens will be periodically taken out of the water, wiped with tissue paper to remove surface water and weighed. At least three specimens for each sample were used. A digital scale-precisa XB6200D was used with a precision of ± 1 mg to weight the samples. Then percentage of water absorption, Mt was calculated by:
                                    
                                 Mt = WN – Wd   X 100% (5)
                                               Wd                                                            Where:  Wd and WN are original dry weight and weight after exposure respectively.

2.3.6	Morphology study
Studies on the morphology of the tensile fracture surface of the polyester/Oil Palm shell powder composites will be carried out by using a scanning electron microscope (SEM). The fractured surfaces of specimens will be mounted on aluminum stubs and sputter coated with a thin layer of palladium to avoid electrostatic charging during examination. (5)

23
2.3.7 Microstructure
Distribution and orientation of fillers in the composites and interfacial adhesion of filler and polymer will be morphologically investigated using Quanta 200 Environmental Scanning Election Microscope (ESEM) in order to determine the microstructure of the composites. ESEM is especially useful for non-metallic and biological materials because coating with carbon or gold is unnecessary, which sometimes conceal small features on the surface of the sample and may reduce the value of the results obtained. The Environmental Scanning Electron Microscope (ESEM) images the sample surface by scanning it with a high – energy beam of electrons in a raster scan pattern. The electrons interact with the atoms that make up the sample producing signals that contain information about the sample's microstructure, composition and other properties such as electrical conductivity. (7) The microstructure of the filler-matrix interface of the composites will be examined at accelerating voltage of 20kV.(6)

2.3.8 Data Collection and Result
The result obtained from the experiment will be analysed and through discussed.
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