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Abstract 

Coconut fibre and wood dust popularly known as saw-dust are usually discarded as waste. They are left to 

decompose or burnt to ashes in most cases. These disposal methods have contributed negatively on human health 

and the environment. Some of these can be very useful and promising in the area of composite production serving as 

natural reinforcement agricultural wastes materials and as alternatives to synthetic materials.  This work aims to 

study the mechanical properties of coconut fibre and wood dust used as reinforcement in polyester matrix. 

Composites samples were produced by casting in different moulds using 10 wt % of coconut fibre with varying 

wood dusts compositions between 1 % – 15 wt % in polyester matrices. The cast samples were cured and then 

stripped off the moulds and the samples were further allowed to cure to room temperature. Mechanical tests such as 

tensile, flexural and hardness tests were performed on the samples.  This will give more information on the use of 

natural fibres in composite making. 
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Introduction 

The management of waste is a major concern to the world especially in the developing countries. Waste 

management is a responsibility of everybody because it is generated from every sector of the national economy 

ranging from farms, factories, institutions, mines and households. Enormous amount of different types of waste 

materials are produced globally. These waste materials if not disposed safely may be hazardous to human and live 

stocks.  The  type  and  amount  of  waste produced  increases  with  growth  in  population. The  waste  disposal  

crisis  arose  due  to  the  formation  of decomposed  waste  materials that have remain unused for a longer period.  

One  solution  to  this  crisis  lies  in  recycling  waste  into  useful products.  

The term ‘waste’ in general refers to a material, substance or by-product which are not useful or required after the 

completion of a process. Recent researches and findings have shown that these wastes can however be made useful 

after recycling. They can be made useful in the construction industries and in the production of energy. For these 

reasons, it is therefore better to refer to waste as by-product following the idea of the principle of ‘zero waste’ 

natural ecosystem, where a waste of one trophic level is a potential resource to another level (Benedicta & Davar, 

2014). 

Most of the wastes generated are from the agricultural sector. It has been estimated that about 998 million of 

agricultural waste is produced on a yearly basis. Agricultural  waste  otherwise  called  agro-waste  is comprised  of  

animal  waste  (manure,  dead animals), food processing waste (only 20% of maize is canned and 80% is waste), 

crop waste (corn stalks, sugarcane  bagasse,  drops  and  culls  from  fruits  and vegetables)  and  hazardous  and  

toxic agricultural  waste  (pesticides,  insecticides  and herbicides,  etc.) (Obi et al., 2016) 

Over the years, bio-composite materials have been produced from agricultural waste fibers and fillers used for many 

applications. Some applications include using natural fiber composites for building materials, sporting goods, 

furniture, automotive, packaging, medical applications and so on (Dungani et al., 2016). The studies of natural fiber 

composites have been greatly considered by researchers and industrialists for their excellent properties such as 

improve mechanical strength, light weight, water and oxygen barrier, wear resistance and dimensional stability. 

A lot of researches have also been carried out on converting different types of agricultural by-product to useful 

materials. Bamboo and coconut fibre were used as reinforcements in concrete production. These reinforcements 

were found to improve the compressive strength of concrete (Familusi et al., 2018).  Polyethylene terephthalate 

(PET) waste were used as a matrix to form coconut fiber/polyester composites. PET wastes were recycled through 
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glycolysis and polyesterification reaction to produce a formulation for unsaturated polyester resin (UPR). Polyester 

reinforced coconut fibre composites derived from recycling polyethylene terephthalate (PET) waste may have the 

potential application in the fields of construction and automotive interior substrates (Abdullah & Ahmad, 2013). 

Methods and procedures for producing plastic composites from agro-waste materials have been examined. 

Characterization challenges associated with the agro-waste plastic composites production were also examined. 

These has provided more database for further inquiring into the development of the agro-waste plastic composites 

sector (Abba et al., 2013). The use of waste materials such as ash of rice husk, palm oil fuel, bagasse, wood waste, 

bamboo leaf and corn cob as supplementary cementitious material in concrete mix were studied. It was concluded 

that the use of agricultural waste can be a break through to make the industry more environmental friendly and 

sustainable (Evi, 2016). Several researches on using agricultural waste materials such as groundnut shell, coconut 

shell, rice husk, bread fruit, bean pod ash etc. as particulate reinforcement in composite have been reviewed (Joseph 

& Babaremu, 2019). The mechanical properties of rice husk reinforced Aluminium alloy matrix composites were 

studied. The reinforcement of the rice husk ash increased the ultimate tensile strength, compressive strength and 

hardness of the composite produced (Saravanan & Kumar, 2013). The compressive strengths of concrete produced 

using waste oil-palm shells as coarse aggregate were studied. The concrete produced satisfies the strength 

requirement of structural light weight concrete which can be used as a cost effective construction material for use as 

residential floor (Mannan & Ganapathy, 2004). The potential utilization of sawdust in Energy, Manufacturing and 

Agricultural Industry has been worked on. Sawdust was burnt in an updraft gasifier under a limited supply of air to 

obtain producer gas which is carbon II oxide and hydrogen as main components. The sawdust and other biomass 

materials were mixed in certain proportions, then bound together and palletized to a small blocks called briquettes. 

The material was also considered to be composted by mixing it with animal digestion or wood ashes and calcium 

carbonate to form fertilizers. Sawdust and wood shavings can be a good potential for particle board as well as oil 

production (Rominiyi et al., 2017). The  utilization  agricultural  waste  can  be  break-through  to  make  the  

production industry  more environmentally  friendly  and  sustainable. The aim of this research is to develop a 

composite material from coconut fibres and wood dust. 

Materials and Method 

Fibre Preparation 

Figure 2.1(a) shows the coconut husks from which the coconut fibres were extracted by mechanical process (i.e 

pounding in mortar to remove the fibres). The husks were pounded to loosen up the fibres and were removed by 

hand.  

Chemical Treatment of Fibres and Fillers 

Composite  materials  made  with  the  use  of  untreated  plant  fibres  frequently  exhibit unsatisfactory mechanical 

properties. The fibre properties can be improved by chemical treatments using maleic anhydride  organosilanes,  

isocyanates,  sodium  hydroxides,  permanganate  or peroxides (Odusote et al., 2017). The fibre  and fillers were  

treated  with  sodium  hydroxide  in  order  to  improve interfacial bonding between the matrix and reinforcements 

and hence, mechanical properties of  the composite. Coconut fibres measuring 201.49 g were soaked in 5 % NaOH 

(Jayabal et al., 2012) solution for 72 hours as shown in  Figure  2.1(b).  The fibres were removed and washed with 

distilled water and then oven dried at 110 ºC. Figure 2.1(c) shows the oven dried coconut fibres. The fibres were 

then reduced to small sizes with a pair of scissors and it was sieved through a mesh size of 300 µm. Fibres lengths of 

10 mm and less were used for the composites. Treatment of wood dust fillers was done in a 10 % solution of NaOH.  

The  alkali  solution  was  added  into  the  beaker  containing  wood  dust  and thoroughly stirred. This was kept for 

3 hrs at room temperature with subsequent stirring. The wood dust fillers were then washed thoroughly with distilled 

water to remove the excess NaOH sticking to the fillers and then dried in an oven at 110 ºC for 8 hrs. Figure 2.1(d) 

shows the oven dried wood dust fillers, which were then sieved through a sieve size of 0.8 mm size as shown in 

Figure 2.1(e).  
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Figure 2.1: Coconut fibre and wood dust processing, showing (a) coconut husk (b) coconut fibre in 5% NaOH 

solution (c) the oven dried fibre (d) the oven dried wood dust (e) the sieved wood dust. 

Mould Preparation  

Two moulds of dimensions 165 mm x 19 mm × 5 mm and 125 mm x 12.7 mm x 3.2 mm were fabricated with hard 

wood. The moulds were used to cast tensile, flexural and hardness tests specimens. They were lined with masking 

tape for easy removal of the cast composites specimen after curing.  

Preparation of the Composites 

The  treated  coconut  fibre  and  wood  dust  particles  were  weighed  using  the  electronic balance before mixing 

with weighed polyester matrix. Mixing of the composite components was thoroughly done manually. The 

reinforcement components were mixed with the polyester at room temperature and stirred continuously for some 

minutes until homogenous mixture was observed. 2 % by weight of the polyester catalyst (MEKP) was added with 

syringe and stirred continuously to cure the composites. 1 % by weight of polyester accelerator; cobalt octanoate, 

was added to speed up the reaction and stirred for 3 minutes. The prepared mixture was poured into the mould and 

allowed to cure for an hour. Mixing ratio of composites was done based on past researches. Total weight produced 

for each of the composite mixtures were 100 g. Polyester, P, alone was mixed with 2 wt % of MEKP and 1 wt % of 

accelerator and then allowed to cure. This was done to compare the mechanical properties of the unreinforced 

polyester with those of the composites. After the composites were produced, they were left in an open air for 24 h 

for total curing and optimum strength.  

Table 2.1: Composition of prepared coconut fibre-sawdust-polyester composite 

 

Specimen 

Designation 

% of coconut 

fibre (g) 

% of saw dust 

(g) 

% of USP 

(g) 

P - - 100 

C10 10 - 90 

C10S1 10 1 89 

C10S3 10 3 87 

C10S5 10 5 85 

C10S7 10 7 83 
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C10S10 10 10 80 

C10S12 10 12 78 

C10S15 10 15 75 

 

P- Polyester, C- Coconut fibre dust, S- Wood dust, USP- Unsaturated Polyester Resin. 

Characterizations 

Tensile  tests  were   performed  in  accordance  with  the  ASTM  D638  standard  using  the Instron testing machine 

(INSTRON 3369). The samples were tightly held between the two grips of the Instron machine. The machine 

applied a progressively increasing load on the test samples at a constant rate of 0.16667 mm/s until it fractured. As 

the load increases, the load and deformation readings were taken. The maximum load, tensile stress at maximum 

load, tensile strain at maximum load, load at break, and extension at break were measured. 

The  flexural  strength  and  modulus  of  the  composite  materials  was  determined  by subjecting  the  specimens  

to  load  under  a  three-point  bending  set  in  accordance  with  ASTM D790M  standard  using  an  INSTRON  

testing  machine.  The machine applied a progressively increasing load on the composite at a constant rate of 20 

N/min until it fractured. As the load increases, the load and compressive stress readings were taken. Flexural 

strength, S, of the test specimen was calculated using the Equation 1 (J.M Hodgkin, 2000) : S =     

 (2.1) 

Where f is the maximum load at the fracture point, l is the distance between the supports, b is the width of the 

sample and d is the thickness of the sample. 

The hardness tests were done on the brinell hardness testing machine. The Brinell method applies  a  predetermined  

test  load  (carbide  ball)  of  fixed  diameter  on  the  sample  held  for  a predetermined time period and then 

removed. A 10 mm diameter ball made of tungsten carbide was used as the indenter. The resulting impression or 

indentation was measured across at least two diameters at right angles to each other and the averages of these results 

were obtained. The smaller the indentation, the harder the material. The Brinell Hardness Number (BHN) was 

calculated;  

Equation 2 (J.M Hodgkin, 2000):     (2.2) 

 

Results and discussion 

Tensile Strength 

Table 4.1 shows the results of tensile test of the composites produced. The wood dusts were varied between 1 wt % 

and 15 wt % while the composition of the coconut fibre was kept constant at 10 wt %. The composition of the 

coconut fibre is represented by C10 while the wood dust composition is represented with S1, S3, S5, S7, S10, S12 

and S15 depending on the wood dust content in wt %.  

Table 3.1: Tensile Test Results of composites with up to 15 wt % wood dust particle. 

Property P100 C10 C10S1 C10S3 C10S5 C10S7 C10S10 C10S12 C10S15 
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Tensile Strength 

(MPa) 

8.76 12.39 16.08 11.12 12.80 14.37 16.49 19.89 16.54 

Load at break (N) 656.92 1300.88 1688 1000.52 1344.31 1508.76 1731.47 2088.91 1736.77 

Tensile Strain at 

Break (%) 

 

1.63 

 

2.06 

 

 

3.02 

 

1.34 

 

1.82 

 

1.43 

 

1.25 

 

1.90 

 

1.71 

Extension (mm) 1.47 1.95 2.87 0.94 1.73 1.43 1.25 1.81 

 

1.71 

 

Unreinforced Polyester, P100, cured after 32 minutes while the reinforced polyester matrix composites cured at 

about 20-30 minutes. This indicates that curing time decreases as the filler loading increases. Curing which is also 

known as vulcanization, is a process in which polymer molecules are cross-linked by the addition of sulphur or other 

equivalent curative agents. This process is responsible for the hard and durable nature of most composites, and it 

also imparts strength and the ability to resist chemical attack (Oladele et al., 2013).  Unreinforced polyester, P 100 

deformed by shattering into pieces under loading indicating that it is an highly brittle material which would deform 

in service. However, the reinforced polyester composites showed a remarkable decrease in brittleness as compared 

to unreinforced polyester.  This  may  be  due  to  the  presence  of  the coconut fibres and wood dusts in the matrix 

as natural fibres which possibly lock up dislocations and  improves  the  strength  and  stiffness  of  composites 

(Manikandan Nair et al., 2001)  and  yet  maintain  some  ductility.  . Composite C10 which is the control composite 

sample, have a good tensile strength of 12.39 MPa with an appreciable level of ductility. Under loading, C10 did not 

deform permanently as compared to P100. This is due to the presence of coconut fibres in C10, and thus shows that 

reinforcements provide strength to composites.  With  the  addition  of  1  wt  %  of  wood  dust  to composite C10 to 

form sample C10S1, there was a remarkable increase in tensile strength and ductility. This implies that composite 

C10S1 will perform better in service than C10. The curve of the tensile strength of the composite samples increases 

linearly indicating that the tensile strength increases with increase in saw dust fillers until its attain maximum 

strength of 19.89 MPa at 12 wt % sawdust loading. Above 12 wt %, the tensile strength decreases possibly due to 

lack of good compaction between the reinforcements and the polymer matrix. This implies that for better tensile 

strength at 10 wt % coconut fibre load, wood dust particle composition should not exceed 12 wt %. Further increase 

of wood dust loading will produce a composite with a brittle nature and low strength. This indicates that at C10S12, 

fillers cured in the polyester with good adhesion and interfacial bonding. Figure 3.1 represent the curve for average 

tensile strength of the reinforced polyester matrix composite. The error bars indicate the variation of the tensile 

strength values as the composition of wood dust particles increases from 1-15 % in the polyester matrix composites. 
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Figure 3.1: The average tensile strength of the reinforced polyester matrix composite. 

Flexural Strength 

Flexural tests were carried out on a three-point bending and results obtained are shown in Table 3.3. Values of 

maximum load and compressive stress were obtained and flexural strengths were calculated.  Figure  3.2  shows  the  

effect  of  filler  loading  on  the  flexural  strength  of  the  composites. Composite C10 has a flexural strength of 

20.85 MPa which reduced drastically on addition of 1wt % wood dust, that is, sample C10S1, to 15.40 MPa. The 

decrease in strength is due to the non-uniform alignment between fibres and filler particles. There was a gradual 

increase in strength with increase in filler weight until it peaked at 31.32 MPa for samples with 7 wt % wood dust 

loading, C10S7. The presence of fibres or particles increases the effective toughness of a low toughness matrix by 

slowing up of cracks in the neighbourhood of the filler (Harris, 1999). It is possible that a  good  bonding exist 

between  fibres  and  particle  in  composite  C10S7  better  than  other composites. Further addition of wood dust 

made composites decrease in flexural strength. 

Table 3.2: Flexural strength result (MPa) for the composites. 

Composites Max. Load (N) Comp. Stress at Max. 

Load 

Flexural Strength 

(MPa) 

P100 114.61 0.076 18.05 

C10 132.39 0.888 20.85 

C10S1 97.82 0.065 15.40 

C10S3 113.91 0.076 17.94 

C10S5 118.78 0.079 18.71 

C10S7 198.89 0.133 31.32 

C10S10 148.33 0.099 23.36 

C10S12 137.23 0.091 21.61 

C10S15 132.92 0.089 20.93 

 

As  the  force  acts  vertically  downwards  on  the  specimens,  crack  propagates  and  is effectively halted by the 

fibres. This may be due to the inhibition of the opening of the matrix crack by the fibres. In addition, the strength 
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and stiffness of the fibres are high enough to permit it of being broken by the level of stress concentrated at the tip of 

the matrix crack. As further crack opening occurs, local shearing force acting at the fibre/matrix interface was 

sufficiently higher than the strength of the fibres, thereby making the fibres to be debonded. Debonding occurs when 

there is a significant level of transverse tensile stress concentration ahead of the crack tip, parallel with the crack 

plane as shown in the work of Cook and Gordon as reported by (Harris, 1999). Cook and Gordon demonstrated in 

their work that toughness in fibre reinforced materials is associated with the arrest of cracks made possible by 

presence of numerous weak interfaces. As these  interfaces  open,  so  secondary  cracks  are  initiated  at  right  

angles  to  the  primary,  thereby dissipating the energy of the original (Domone & Illston, 2010). Debonded fibre 

extends elastically and further crack opening persists and fracture occurs.  The results also showed that the flexural 

strength was enhanced at higher fibre and filler content.  

 

 

 

 

 

 

 

 

 

 

 

 

 

Figure 3.2: Flexural strength of the composite samples 

 

Hardness Value 

The  results  of  the  hardness  test  on  the  composite  samples  are  shown  in  Table  3.3. Composite C10, shows a 

good resistance to indentation with a value of 24 HBr. Within the errors, composite C10S5 displayed highest 

hardness value compared to all other investigated samples as shown in Figure 3.3.  This observation is due to better 

compaction between the reinforcing materials, i.e. coconut fibre and wood dust, as well as between the 

reinforcements and the polymer matrix. Generally, addition of fillers increases the hardness of composite materials 

especially if well compacted.  Improvement  in  hardness  of  these  composites  implies  that  there  would  be  a 

reduction  in  wear  rate  when  used  in  service.  The  hardness  of  the  composites  increases  in  a fluctuating 

manner from 0 to 15 wt %, possibly due to the inconsistency in the compaction level of the samples as it was done 

manually.  

However,  the  presences  of  wood  dust  have  been  observed  to  significantly  affect  the hardness  value.  The  

results  showed  that  the  hardness  of  the  samples  increased  with  increased content of wood dust filler up to 5 wt 

% content after which it drops until addition of 12 wt % wood dust. This observation is in agreement with the results 

of (Aramide et al., 2009) and (Oladele et al., 2013). It can be deduced that hardness of a composite depends on the 

distribution of the reinforcing material in the matrix. The presence of a more flexible matrix causes the resultant 

composites to exhibit lower hardness [(Premalal et al., 2002), (Jamil et al., 2006)]. 
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Table 3.3: Hardness Test (HBr) results for the composites. 

S/N Composites Hardness (HBr) 

1 011P  14.7 

2 C10 24.8 

3 C10S1 17.9 

4 C10S3 20.6 

5 C10S5 27.9 

6 C10S7 21.6 

7 C10S10 18.6 

8 C10S12 15.9 

9 C10S15 20.3 

 

 

Figure 3.3: Variation of the Hardness of the composite samples with increasing wood dust. 

 

Conclusion 

Agricultural wastes such as coconut fibre and wood dust have not being adequately put to use. These wastes if 

managed properly can be transformed to beneficial materials for human use. Coconut fibre and wood dust reinforced 

polyester composite were successfully produced by casting method. The composite produced can find its 

applications in low strength building materials such as in the use of ceilings as replacement for plaster boards, doors, 

kitchen slabs and furnitures etc because it has exhibited good hardness, tensile and flexural strength required for 

such purposes. 
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