Experimental Investigation of Mechanical Properties of Polymer Matrix Composites Reinforced with Natural Fibers: A Comparative study
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Abstract
The mechanical properties, such as tensile strength, young modulus, flexural strength, and hardness and Impact energy of chemically treated coir fibers reinforced polyester and polypropylene composites were studied with different fiber ratios of coir fibers.  In this work, chemically treated fibers are reinforced with polymers  by hand-lay-up method, and  the tensile test was carried out to determine the strength of material, bending test was used to obtain the flexural strength of composite materials. In addition hardness and impact test also carried out. Results were found that the strength of the composites tends to decrease with the amount of fiber, which indicates ineffective stress transfer between the fiber and matrix for both composite. The properties such as flexural strength, hardness and impact energy has a rapid increase in 5% of fiber fraction and no significant effect by further increasing fiber content to both polymers. For the fiber loaded samples, 5% fiber reinforced for polyester and 10% fiber reinforced polypropylene matrix had the optimum set of mechanical properties. Coir fiber reinforced polypropylene specimens yielded better mechanical properties compared to the coir fiber reinforced polyester. . It is evident that types of polymer have well influence on the mechanical properties of the chemically treated coir reinforced polymer composites. Authors propose that the bonding between the matrix and chemically treated coir fiber must be increased in order to have improved mechanical properties at higher fiber content
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1. INTRODUCTION
In the recent era, different environmental issues have significantly influenced the innovations in material science and technology. The burgeoning demand for clean environment has led the innovation of green materials and utilization of natural materials. Thus, the urge for the production of high-performance engineering products from natural renewable resource is growing day by day. The composite material has been used from centuries ago, and it all started with natural fibers. Natural fibers have become important items in the economy and in fact, they have turn out to be a significant source of jobs for developing countries.
Natural fiber reinforced polymer has attracted interest due to the increasing cost of plastics and the environmental aspects associated with using renewable and biodegradable materials. Natural fibers can be easily obtained in many tropical and available throughout the world. Today, these fibers are assessed as environmentally correct materials owing to their biodegradability and renewable characteristics. For example, natural fibers like sisal, jute, coir, oil palm fiber have all been proved to be good reinforcement in thermoset and thermoplastic matrices. The use of natural fibers reduces weight by 10% and lowers the energy needed for production by 80%, while the cost of the component is 5% lower than the comparable synthetic (fiber glass-reinforced) component. 
Today, synthetic polymers are combined with various reinforcing fillers in order to improve the mechanical properties and obtain the characteristics demanded in actual application. Synthetic fiber reinforcement possesses good mechanical properties, but they are responsible for causing pollution, killing wildlife, and using up the precious resources of the earth. And it is harmful to an environment and manufacturing cost is higher
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Fig 1 Synthetic fiber
Research is going on in order to replace synthetic fibers with lignocellulosic fibers as reinforcing fillers. The lignocellulosic fibers (corn stalk, rice husk, rice straw, coir, palm, jute, abaca, saw dust, wheat straw and grass) are lightweight, decrease wear in the machine used for their production, easily available, renewable and inexpensive. Furthermore, they are biodegradable and do not leave residues or result in by-products that are toxic. The cost of producing lignocellulosic polymeric composites is quite low. So recent research is growing on natural fibers, especially the low-density value of natural fibers allows producing composites that combine good mechanical properties with a low specific mass. 
The example of application of coir fiber reinforced composites is in industrial automotive where it used to make seat cushions for Mercedes automobiles. Even though it has advantageous properties, the coir fiber composites still have some undesirable properties such as dimensional instability, flammability which not suitable for high temperature application and degradability with humidity, ultraviolet lights, acids and bases. Therefore, a lot of efforts have been carried out to improve the performance of coir fiber reinforced composites.
In our study, we have used coir fiber as reinforcement with various fractions (0%, 5%, 7.5%, 10%, &15%) with polyester and polypropylene matrixes. Before doing mixing the fiber is done chemical (alkaline) treatment. They are two types of treatment available for fiber such as chemical treatment & mechanical treatment. Treated fiber reinforcement provides good characteristics compared with the untreated one. The matrix compound such as Polypropylene (PP) & polyester are the most extensively used plastics both in developed and developing countries as it provides advantages in regard to economy (price), ecological (recycling behavior) and technical requirements (higher thermal stability).Totally 10 composite specimens are prepared by Hand lay-up molding technique. And Tensile strength, young modulus, bending strength, impact energy and hardness were observed for prepared specimens. Finally comparative graph is plot and analyses and conclude the better weight fraction of fiber loading for both matrixes is found.
In general this paper addresses the mechanical characterization of natural fiber reinforced polyester composite by analyzing the effect of fiber volume (%) on the composite and compared with fiber reinforced polypropylene composite. 
2. EXPERIMENTAL METHODOLOGY
2.1FIBER PREPARATION
Due to abundance availability & provide better strength we have used coir fiber for our research, Coir fibers are found between the hard, internal shell and the outer coat of a coconut. The individual fiber cells are narrow and hollow, with thick walls made of cellulose. They are pale when immature but later become hardened and yellowed as a layer of lignin is deposited on their walls. Each cell is about 1 millimeter (0.04 in) long and 10 to 20 micrometers (0.0004 to 0.0008 in) in diameter. Fibers are typically 10 to 30 centimeters (4 to 12 in) long. Mature brown coir fibers contain more lignin and less cellulose than fibers such as flax and cotton and so are stronger but less flexible
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Fig 2 Internal shell of coconut
A lot of 5 kg of coir fiber, extracted from the husk (mesocarp) of dried coconut. The prepared coir fibers were cut into short length fibers of about 3mm. then it was chemically pretreated with alkali (NaOH).
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Fig 3 Fiber cut into small pieces
200ml of 10% NaOH was used to treat the fibers in a 600ml beaker for one hour. The fibers, were then washed in distilled water, and finally dried, in an oven at 800C for three hours to a constant weight. This was used to prepare the composite
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Fig 4 Fiber washing in distilled water.
Table 1 Mechanical property of coir fibers
[image: image5.emf]
A better understanding of the chemical composition and surface adhesive bonding of natural fiber is necessary for developing natural fiber-reinforced composites. The components of natural fibers include cellulose, hemicelluloses, lignin, pectin, waxes and water soluble substances. The composition of selected natural fibers is shown in Table below
Table 2 Chemical composition of coir fibers
	Chemical composition of Coir: Items
	Percentages

	Water Soluble
	5.25%

	Pectin and related compounds
	3.00%

	Hemi – cellulose
	0.25%

	Lignin
	45.84%

	Cellulose
	43.44%

	Ash
	2.22%
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Fig 5 fiber having length of 3cm and thickness of 0.2mm
2.2 EPOXY RESIN 
Epoxy resins are characterized by the presence of more than one1, 2- epoxide groups per molecule. Cross-linking is achieved by introducing curatives that react with epoxy and hydroxyl groups situated on adjacent chains. We have using two resins namely polyester and polypropylene. The usage of polyester resin as a matrix was chosen because it is the standard economic resin commonly preferred material in industry. In fact, it yields highly rigid products with a low heat resistance property.
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Fig 6 Epoxy resin of Polyester
Table 3 Mechanical properties of polyester resin
[image: image8.emf]
Polyester resins are unsaturated resins formed by the reaction of dibasic organic acids and polyhydric alcohols. Polyester resins are used in sheet molding compound, bulk molding compound and the toner of laser printers. Wall panels fabricated from polyester resins reinforced with fiber glass — so-called Fiber glass reinforced plastic (FRP) — are typically used in restaurants, kitchens, restrooms and other areas that require washable low-maintenance walls. And another used epoxy is polypropylene,
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Fig 7 polypropylene resin
Polypropylene (PP) is a linear hydrocarbon polymer, expressed as CnH2n. PP, like polyethylene (see HDPE, L/LLDPE) and polybutene (PB), is a polyolefin or saturated polymer. Polypropylene resin is one of those most versatile polymers available with applications, both as a plastic and as a fiber, in virtually all of the plastics end-use markets.
Table 4 Mechanical properties of polypropylene resin
	Property
	Polypropylene resin

	Density 
	0.855 g/cm3

	Tensile strength 
	35.7 MPa

	Young Modulus 
	1.5 – 2 GPa

	Tensile elongation at break (%)
	1.8 

	Water absorption 
	.1 - .2


2.3 MOULD PREPARATION
      HAND LAY-UP METHOD
We have used a conventional molding method such as Hand lay –up. Hand lay-up is a simple method for composite production.  A mold must be use for hand lay-up parts unless the composite is to be joined directly to another structure.  The mold can be as simple as a flat sheet or have infinite curves and edges. wet lay-up, is the method used longest in the polymer-matrix composites industry to make thermo set composite products, and it is still the selected production process for a wide range of composite products The molding method involves placing reinforcements and liquid resin onto the surface of an open mold (which may or may not be pre-coated with gel coat), or onto other substrates, as, for example, when making a one-off sandwich construction, when making on-site repairs by applying a reinforcing vacuum-formed acrylic, corrosion-resistant lining on steel, or when making on-site repairs of tanks and pipes. The hand lay-up method involves applying the reinforcements and the resin by hand.
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Fig 8 hand layup method
The fiber sample and polyester were weighed using the electronic balance. The fiber was mixed with the polyester and PP at room temperature and stirred continuously for 3 minutes until a homogenous mixture was observed. 2% (by weight of polyester) of the catalyst, methyl ethyl ketone peroxide (MEKP) was added using the syringe and stirred continuously for another 3 minutes. Finally, 1% (by weight of polyester) of the accelerator; cobalt octoate was added and stirred for another 3 minutes. The reaction temperature was taken and the composite was cast in the moulds and allowed to cure for one hour.
[image: image11.emf]
Fig 9 Hand layup mould box
2.4 MECHANICAL CHARACTERIZATION
2.4.1 TENSILE TESTING
Tensile test is the most common mechanical test for determining the mechanical properties of materials such as strength, ductility, toughness, elastic modulus, Etc. There are 2 samples for each fiber volume fraction is taken for testing, and the corresponding values obtained from those samples were observed. The sample used for tensile test was ASTM D638 Type 1 as shown in Figure 10. The tests consisted of applying a constant strain on the fibers and measure the load. It was tested using Universal Testing Machine (UTM) with strain speed of 10 mm/min.
The tension test was performed on all the samples as per ASTM D3039-76 test standards by using UTM. The tension test is generally performed on flat specimens. A uniaxial load is applied through the ends. The ASTM standard test recommends that the length of the test section should be 100 mm specimens with fibers parallel to the loading direction should be 11.5 mm wide
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Fig 10 specimens for mechanical property
Table 5 Tensile strength of coir fiber (different fraction) with Polyester and PP
	PROPERTY \ FRACTION
	0%
	5%
	7.50%
	10%
	15%

	COIR- POLYESTER
	28.2
	25.4
	23
	21.5
	18.6

	COIR- POLYPROPELYENE
	27.5
	25.1
	22.5
	20.2
	16.5
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Graph 1 Tensile strength CFR Polyester Vs Polypropylene
Graph 1 shows a comparison of the tensile strengths of the composites using various loads of treated fiber reinforced with polyester and polypropylene. The fiber - polyester at low fiber load of 5% has a tensile strength of 28.2Mpa, which is higher than the fiber – polypropylene.
At 10% fiber load, the tensile strength of the polyester increased by 1.3Mpa against that of PP. At 15% fiber load the tensile strength of the polyester has 18.6Mpa higher than that of the PP.
The tensile strength generally decreases with increase in fiber content. As the fiber load increases, the weak interfacial area between the fiber and matrix increases. This in turn decreases the tensile strength.
To have composites with excellent mechanical Properties (ultimate strength but toughness), the load must be transferred effectively from the matrix to the fibers. This requires good interaction as well as adhesion between the fibers and the matrix, i.e. strong and efficient fiber- matrix interface. This can be controlled by either surface treatment applied to the fiber or by the use of additives such as coupling agents.
2.4.2 YOUNG MODULUS (MPa)
Table 6 Young Modulus of coir fiber (different fraction) with Polyester and PP
	PROPERTY \ FRACTION
	0%
	5%
	7.50%
	10%
	15%

	COIR- POLYESTER
	0.523
	0.631
	0.541
	0.452
	0.448

	COIR- POLYPROPELYENE
	0.57
	0.678
	0.674
	0.672
	0.668
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Graph 2 Young Modulus: CFR Polyester Vs Polypropylene
From graph2, the composites of fiber – polyester and fiber – polypropylene show remarkable differences in their modulus which is a measure of stiffness and resistance to stress. At 5% fiber load, it is observed that the fiber- pp has a modulus which is 47Mpa higher than the fiber - polyester. However, as the fiber load increases to 7.5%, 10%, and 15%the modulus of the fiber – pp composite becomes higher than the fiber - polyester composite, and it is nearly constant. Young’s modulus increased with fiber loading in accordance with the results of other researchers. During tensile loading, partially separated micro spaces are created, which obstructs stress propagation between the fiber and matrix. As the fiber load increases, the degree of obstruction increases, which consequently increases the stiffness.
The Young’s modulus of the pp composites was higher than those for the polyester. For polyester, it is found that the Young’s modulus decreased for fiber loading above 5%. 
2.4.3 FLEXURAL TESTING
Three point bend tests were performed in accordance with ASTM D790M test method I, Procedure A to measure the flexural properties. The samples were 98mm long by 10mm wide by 4mm thick. In three point Bending test, the outer rollers are 64mm apart and the samples were tested at a strain rate of 1mm/min.
[image: image15.emf]
Fig 11 bending test on specimen
A three point bend is chosen because it requires less material for each test and eliminates the need to accurately determine center point deflections with test equipment. 
The flexural strength, S = 3PL/2bt2 
Where L is the support span (64mm), b is the width and t is the thickness, P is the maximum load and m is the slope of the initial straight line portion of the load deflection curve. . The sample specimens after bending test are shown
[image: image16.emf]
Fig 12 test specimens after bending
Table 7 Bending strength of coir fiber (different fraction) with Polyester and PP
	PROPERTY \ FRACTION
	0%
	5%
	7.50%
	10%
	15%

	COIR- POLYESTER
	11.02
	15.12
	16.72
	20.21
	20.04

	COIR- POLYPROPELYENE
	27.24
	34.47
	34.78
	35.16
	35.14
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Graph 3 Bending strength: CFR Polyester Vs Polypropylene
The strength of a material in bending is expressed as the stress on the outermost fibers of a bent test specimen, at the instant of failure. Since natural fibers are high modulus materials, higher fiber concentration demands higher stress for the same deformation. Increased fiber–matrix adhesion provides increased stress transfer between them the flexural fracture behavior of the composites was ductile. The flexural strength increased with fiber loading; however, there was a decrement from 10% to 15% fiber loaded on PP composites and it is negligible. It is found that the flexural strength increased for fiber-polyester when increase of fiber loading. 
.
2.4.4 IMPACT TESTING
The Charpy impact test, also known as the Charpy V-notch test, is a standardized high strain rate
test which determines the amount of energy absorbed by a material during fracture. Dynamic charpy impact tests were conducted according to ASTM D 6110-97 using a Universal Impact Testing Machine. Notched composite specimens were used during the experiment. The dimensions of the specimen used were 79 mm ×10 mm × 4.1 mm.
Table 8 charpy Impact test properties of coir fiber (different fraction) with Polyester and PP
	PROPERTY \ FRACTION
	0%
	5%
	7.50%
	10%
	15%

	COIR- POLYESTER
	18
	21.4
	23
	28.6
	35

	COIR- POLYPROPELYENE
	22
	31
	37.5
	44
	43.4
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Graph 4 Impact strength: CFR Polyester Vs Polypropylene
Variation of the charpy impact strength with fiber loading for both polymers composites is shown in graph 4 Impact strength increased with fiber loading for both polymers and PP has higher impact strength than polyester matrix. However, there was a decrease in the impact strength from 10% and 15% fiber loaded PP composites. The fiber PP composite sample at 10% fiber load has the highest value, the fiber –polyester composite sample at 0 % (pure polyester) fiber load has the least value. High fiber content increases the probability of fiber agglomeration which results in regions of stress concentration requiring less energy for crack propagation. The impact strength of the fiber reinforced polymeric composites depends on the nature of the fiber, polymer and fiber–matrix interfacial bonding. This result suggests that the fiber was capable of absorbing energy because of strong interfacial bonding between the fiber and matrix. Another factor of impact failure of composite is fiber pullout. With increase in fiber loading, bigger force is required to pull out the fibers. This consequently increases the impact strength 
2.4.5 HARDNESS TESTING
The hardness of the composites was measured using a Rockwell Hardness Testing Machine according to ASTM D 785-98 [22]. The Rockwell hardness values were derived from the net increase in depth impression as the load on an indenter increased from a fixed minor load to a major load and returned to a minor load. The indenter had a diameter of 6.35 mm, while the values of the major applied load was 490 N. Results are shown in the following section.
Table 9 Hardness coir fiber (different fraction) with Polyester and PP matrixes
	PROPERTY \ FRACTION
	0%
	5%
	7.50%
	10%
	15%

	COIR- POLYESTER
	22.2
	21.466
	23.72
	26.466
	26.47

	COIR- POLYPROPELYENE
	64.4
	74
	79.6
	85
	87.45
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Graph 5 hardness HRC: CFR Polyester Vs Polypropylene
Hardness of natural fiber polymer composites generally increases with increase in fiber loading. The increase in hardness is due to the increase of stiffness of the composites with fiber loading. Graph 5 shows the hardness comparison of various manufactured composites at different fiber loading. Hardness increased linearly with fiber loading for PP matrix. This is due to the increase of stiffness of the respective composite. It is found that hardness values increased from 5% to 10% for fiber – polyester composites. The range of hardness obtained in current work is 64.4–87.45 RL for PP matrix which is remarkably higher than polyester composites. And there is negligible difference appeared in hardness values for fiber polyester composites during fiber loading. Overall this is lower than PP composite.
3. RESULT AND DISCUSSION
The mechanical properties of coir fibers reinforced composites are expected to depend on the content or volume fraction of the fibers in the composite. Even a small change in the physical nature of fibers for a given volume content of fibers may result in distinguished changes in the overall mechanical properties of composites. Therefore the influence of fibers content on mechanical properties of coir fibers reinforced composites was investigated. 
Table 5, 6, 7 shows the result of mechanical properties of coir fibers reinforced composites with fibers volume changing from 0 to 15%. It is shown that the tensile strength and Young’s Modulus decreased as increasing of the fiber volume fraction for both polymers. The decrement is due to poor interfacial bonding between fibers and matrix. The brittleness of the fibers also
Contributed to low mechanical strength because higher fibers contain higher possibilities of the fibers to sustain higher loads. On the other hand the bending property, impact strength, hardness has improving with fiber loading.
By the incorporation of coir fibers, the Young modulus, E value of composites goes on increasing up to .631 MPa for polyester matrix and .678 MPa for polypropylene matrix, for a fibers volume fraction of 5% but on further increasing the fibers content, the value was decreases. Figure 2 shows that Young modulus value steadily decreases with increasing fibers content which indicated lesser contribution of the fibers towards the mechanical properties of composites. The minimum value of Young modulus was obtained at fibers volume of 10% of polyester matrix, which specify ineffective stress transfer between the coir fibers and polyester matrix. Better improvements shows on polypropylene matrix compared with polyester.  This is also due to the incompatibility bonding between PP matrix and fibers. Based on Literature review theoretically Young modulus will increase as fibers volume fraction is increased. However, in reality this assumption is not really true because interfacial bonding at interface between fiber and matrix play an important role in determining the composite strength.
It is well known that the dispersion of natural fibers determines the mechanical performances of the composites. Most often bad dispersion of fibers can lead to the deterioration of the mechanical properties of the composites. Although the dispersion is a fiber size-dependent phenomenon, it is not easy to achieve good dispersion of natural fibers in the matrix. Different physical and chemical treatments of fibers can be carried out to improve the fiber dispersion in the matrix. Most often pretreatment of fibers is done in order to improve the dispersion in the matrix. Different coupling agents, such as maleic anhydride-grafted PE, mineral oil, or stearic acid, have to be used for improvement of dispersion
In general view PP has shown better improvement compared with polyester matrix with fiber loading on various mechanical properties.
4. CONCLUSION
Comparative analysis coir fiber reinforced polyester and polypropylene is done. In general, the coir reinforced polypropylene matrix composite having a coir fibers volume of 5% showed a significant result compared to polyester matrix composite due to the effect of material stiffness & nature of polymer.
The following conclusions can be drawn from the experimental results of this study:
(i) The tensile strength of the composites decreased with an increase in the coir fiber loading. However, there was a higher tensile strength profile of coir-polyester than coir - polypropylene
.
(ii) The Young’s modulus, of the coir – polyester composites decreased with an increase in the fiber loading. Controversy it was increasing on coir – polypropylene. However, the 5% fiber loaded coir – pp composites had highest young modulus.
.
(iii) Except The tensile strength.  The properties such as Young’s modulus, flexural strength, impact strength and hardness of the coir – pp composite is higher values compared to coir – polyester composite 
(iv) The authors propose that the 5% coir fiber reinforced Polyester and 10% coir fiber reinforced Polypropylene composites had the optimum set of mechanical properties in comparison with other fiber proportion composite. It is found that polypropylene reinforced natural composites are the better compared with polyester natural composites. It can be used for manufacturing of automotive seat shells among the other natural fiber combinations. To have better mechanical properties at higher fiber content, the bonding between the coir fiber and PP matrix must be improved.
For future scholar there is a very good opportunity to explore the preset area of research. The present work can be extended to investigate the other aspects such as fiber orientation; fiber treatment on mechanical behavior of coconut coir based polymer composite, hybrid composite and the experimental values can be similarly analyzed.
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