Tensile properties of cotton stalk fibres and phenol formaldehyde resin bio-composite
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Abstract - Cotton stalks are a by-product of cotton farming and about two to three tonnes of cotton stalks are generated per hectare of land farmed. In accordance with sustainable development goals there is a need to preserve the environment for sustained development. In this research, fibres extracted from waste cotton stalks were used to fabricate a bio-composite. Normally, these wastes are disposed of from the farmland through incineration thus polluting air through emission of harmful greenhouse gases. Cotton stalks are agricultural waste that is generated after cotton harvesting and tend to harbour parasites such as the destructive polyphagous mealybug when left on the farmland. The cotton stalks used in the current study were collected from cotton farms in Zimbabwe. The stalks were subjected to retting followed by fibre extraction through manual decortication. The extracted fibres were used to fabricate a phenol formaldehyde resin composite using compression moulding. The cotton stalk fibre volume fraction (Vf) was varied across five levels between 10–50%. The fabricated board was subjected to tensile strength tests. Regression equations were formulated to ascertain effect of varying fibre content on tensile strength properties. The developed board exhibited properties that were within the range of medium density fibreboards with tensile strength of approximately 8Mpa at a density of between 650-900 Kg/cm3. The board has suitable properties that give it potential end uses in partition boards, and for furniture applications.
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I.   INTRODUCTION
Cotton stalks are a by-product of cotton farming.  On average about two to three tonnes of cotton stalk are generated per hectare of land farmed [ CITATION RMG07 \l 12297 ]. The cotton stalk is a great resource as a raw biomass material for manufacturing value-added bio-composite products[ CITATION Tao1 \l 12297 ]. 
Cotton stalks kept in the fields after harvest are a breeding ground for the destructive mealybug, pink bollworm (pectinophora gossypiella), boll weevil and other pests. The cotton stalks must be destroyed to prevent these pests from breeding. Burning of cotton stalks in the field is the preferred method so as to try to eradicate several insects and pests which would be harmful to the future crop[ CITATION RMG07 \l 12297 ]. 
Interest in fibre reinforced composite materials is on a gradual increase due to the fact that the addition of fibres to polymer resins increases the mechanical strength of the resulting materials.
Natural fibre reinforced composites have attracted increasing interest due to their numerous advantages such as biodegradability, dermal non-toxicity and with good mechanical strength[ CITATION Ble99 \l 12297 ]. Additionally they are renewable raw materials and have relatively high strength and stiffness. Their low density values allow producing composites that combine good mechanical properties with a low specific mass. In tropical countries fibrous plants are available in abundance[ CITATION MSa13 \l 12297 ].
Medium Density Fibreboards are distinguished with their good machining, edge screwing and painting properties. MDF is one of the wood composites most widely used in housing furniture[ CITATION Moh15 \l 12297 ].
II. METHODOLOGY
2.1 Development of mould for fabrication
A composite fabrication mould was developed and produced. This mould was made from stainless steel sheet material with beadings along the edges and with a facility for compressing the fibre mat within the mould by use of a compression lid with weights on top.
2.2 Experimental Design
The fibre volume fraction was varied as outlined in the experimental design shown in Table 1. The target density of the composite was between 500-800 kg/m3
Table 1 – COMPOSITE Experimental design 
	No.

	Fibre Volume Fraction
	Fibre weight
	Resin
	Resin Volume Fraction
	Resin weight

	
	%
	g
	ml
	%
	g

	1
	0%
	-----
	140ml
	100%
	155.4

	2
	10.96%
	25
	140ml
	89.04%
	155.4

	3
	19.76%
	50
	140ml
	80.24%
	155.4

	4
	26.98%
	75
	140ml
	73.02%
	155.4

	5
	33.00%
	100
	140ml
	67.00%
	155.4

	6
	38.11%
	125
	140ml
	61.89%
	155.4


2.3 Composite consolidation
The formation of the fibre mat was carried out prior to consolidation of the composite. The cotton stalk fibres were then laid onto the mould of dimensions [240mm x 210mm].
The fibres were then pre-compressed to make a fibre mat. The phenol resin was then poured onto the mould over the fibre mat and then by use of a roller evenly distributed. The fibre mat with the resin was then subjected to cold pre compression to remove air pockets trapped within the mat by use of the compression lid and weights. The pre-compressed mat within the composite mould was then taken to the oven for curing at 130°C for 45 minutes under compression.
3.7 Characterisation and Testing of composite
The cotton stalk fibre/phenol formaldehyde resin bio-composite was characterized to obtain its physical and mechanical properties.  
3.7.1 Tensile Test
The tensile test was carried out using a Testometric Micro 500 model universal tensile tester. The test was carried out according to ASTM D638.
Tensile strength of the board was calculated by converting the maximum load (kgf) to Newtons and then dividing by the surface area of the testing specimens to obtain the tensile strength. 
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The maximum strain was calculated from the results of the tensile test. Strain is defined as deformation of a solid due to stress and can be expressed using equation 2:
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Where
dl - change of length
lo  - initial length
ϵ   - unit less measure of engineering strain
III. RESULTS AND DISCUSSION
3.1 TENSILE TEST
The fibreboard tensile strength increases with increase in fibre content. The modulus of elasticity and extension to break of the composite also increases with the amount of cotton stalk fibres up to a certain threshold. Fig 1 shows shows the relationship between the tensile strengh (Mpa) vs the fibre volume fraction (Vf).
Table 1 – Summary of tensile properties of fibreboard
	Vf
	Tensile Strength (MPa)
	Strain
	Young Modulus
	% Elongation

	10.98%
	2.25
	1.5235
	1.4764
	3.05

	19.76%
	2.79
	3.3561
	0.8305
	1.67

	26.98%
	3.58
	4.0373
	0.8864
	2.01

	33.00%
	4.18
	4.0907
	1.0211
	2.04

	38.11%
	6.84
	3.5802
	1.9093
	1.78


As the fibre volume fraction increases the tensile strength and the strain increase. However at 38.11% fibre volume fraction the strain and maximum elongation percentage starts to reduce. 
Figure 1 shows that as the fibre volume fraction (Vf) increases there is a steady increase in the corresponding tensile strength. At the lowest fibre volume fraction of 10.98% the tensile strength is 2.25MPa. As the fibre volume fraction increases there is steady increase in the tensile strength. At fibre volume fraction of 19.76% the tensile strength is 2.79Mpa. As the fibre content the increase in tensile strength becomes greater as failure of composite becomes more fibre dominated. At fibre volume fraction of 38.11% the tensile strength is 6.84MPa. This increase in strength can be attributed to greater fibre content to distribute the stress and increased fibre pull out failure mode. It was noticed that the increase in fibre content produced a more serrated and uneven fracture surface as the composite failure is fibre controlled. 
The composite failure as fibre content increased had a higher fibre pull out length implying an increase in toughness. The extension of the fibreboard increases slightly as the fibre content increases this can be attributed to increased fibre pull out as failure of board becomes more fibre dependent.
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Figure 1 – fitted line plot for tensile strength vs fibre volume fraction
Generally the tensile properties of composites are markedly improved by adding fibre to a polymer matrix since fibre have higher strength and stiffness values than those of matrices[ CITATION KuH11 \l 12297 ].
Regression analysis was carried out using Minitab statistical software. A simple linear regression was calculated to predict tensile strength based on the fibre volume fraction. A significant regression equation was found (F(1, 3) = 12.66 p < .0038), with an R2 of 80.84%. Tensile strength (MPa) is equal to 0.07+0.1496 (Fibre volume fraction %).  Tensile strength increased 0.1496 for each percent change in fibre volume fraction. 
IV. CONCLUSION
The fabricated board exhibited good tensile properties which surpassed minimum standards for medium density fibreboards. The board tensile strength varied between 2.3Mpa to 6.8Mpa depending on the Vf. This surpassed typical standards for MDF which indicate tensile strength of 1.15Mpa [ CITATION EWP08 \l 12297 ] for fibreboards of this particular thickness of 5mm. Effective utilisation of the cotton stalk fibres to create fibreboards has the potential to create value addition to the cotton farmer as more revenue can be obtained from the cotton plant. The board has suitable properties that give it potential end uses in partition boards and for furniture board applications.
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