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Abstract  
The study investigates the possibilities of reinforcing bio-derived epoxy (bio-epoxy) polymer with unidirectional arrays of coir fibre 

using hand layup. The coir fibres were unidirectionally prepared in two layers. The tensile properties such as strength, Young’s 

modulus and elongation at break were found to be 43.83 MPa, 2.4 GPa and 2.72 % respectively. The tensile strength of coir/bio-

epoxy composite was higher than the unreinforced bio-epoxy resin. The fibre volume fraction of the composites obtained using ImageJ 

on an 8-bit grey scale was 34%. The optical microstructure of the composites shows the distribution of the fibres within the bio-epoxy 

matrix. 
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1.0 INTRODUCTION 

Global focuses on greener processes and 

technologies, regulations and growing environmental 

awareness have significantly boosted the use of natural 

fibres as reinforcement in composites. The non-renewable 

nature of fossil resources and environmental concerns   

have  sharpened awareness of potential uses of agricultural 

wastes  [1–5]. Natural fibres are environmentally friendly, 

sustainable and they offer  high specific strength and  

modulus [6] The Polymeric resins although previously 

synthesized from fossil fuels can now be manufactured 

from biological resources instead. Starches, plant oils and 

other naturally derived building blocks have been 

discovered that can be used to prepare thermoplastic resin. 

Typical examples of fibres which have been used 

as reinforcements include; flax, jute, bamboo, sisal, kenaf, 

coir and bagasse. [3, 7–11], .Natural fibres are cost-

effective, non-brittle and renewable. Natural fibres are 

much lighter than glass and most synthetic fibres and 

therefore offer significant weight savings and fuel 

efficiency when compared with synthetic fibres [12, 13]. 

This light weight advantage has propelled its adoption in 

the automotive sector [13, 14]. Coir, a natural ligno- 
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-cellulose fiber has been in abundance with an average 

production standing at 1000 metric tons in 2019 [15]. Coir 

possesses the advantages of natural fibres such as light 

weight and non-toxicity consequently its relatively low 

density of 1150 kg/m3 [16, 17] is a major attraction in low 

weight applications. The failure strain of coir fiber is in the 

range of 30-47% [17, 18]. Coir fibre composites have been 

produced using synthetic polymer matrix such as synthetic 

epoxy [19, 20]; polypropylene [21]; polyester [22], Poly(3-

hydroxybutyrate-co-3-hydroxyvalerate) (PHBV) [24]. 

However, not much work has been reported on the use of 

bio-derived epoxy as matrix for coir fibre composite, 

hence this study was carried out.  

 

2.0 MATERIALS AND METHOD 

2.1 Material 

2.1.1 Matrix: Bio-derived epoxy resin 

Super sap ® epoxy systems [Epoxy (Part A) and 

hardener (Part B)] as shown in Figure 1 are low viscosity 

bio-derived epoxy resin compatible with glass and natural 

fibres. Super sap bio-epoxy resin reduces carbon footprint 

without reduction in performance. Super sap epoxy 

systems are used in composites manufacture via hand 

layup, resin infusion and resin transfer mouldings.  It was 

manufactured by Entropy resins USA and supplied by 

Ferrer Dalmau, UK. The stoichiometric mixing ratio of 

resin to hardener by weight is 100:47. The required 

quantities of the epoxy resin (Part A) and the hardener 

(Part B) were weighed out carefully using an Ohaus 
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Analytical Plus model AP110S, 5-digit balance. Mixing 

was carried out with a wooden spatula until a single 

consistency and thorough blend was achieved before 

degassing for about 15 minutes in a vacuum chamber 

using Gallenkamp vacuum oven (model OVL570 supplied 

by Island Scientific ltd, UK,). The weighing and mixing of 

the resin and hardener were carried out under a fixed air-

extraction system.  

  
Figure 1: Super sap bio-derived epoxy and hardener used for the 

composite manufacture. 

 

2.1.2 Reinforcement: Coir fibre 

As-received coir fibres as shown in Figure 2 of 

average diameter 0.242 mm were selected. The coir fibres 

were washed four times in warm water (50 oC) for 15 

minutes per wash and dried at room temperature for two 

days. These coir fibres were unidirectionally-aligned on a 

PTFE-coated aluminium plate on which thin strips of 

adhesive were placed at the opposite ends to form single 

layers of 20 mm width by 130 mm length samples as 

shown in Figure 3. 

   
Figure 2: Washed and dried coir fibres 

 
Figure 3: Coir fibre arrays in single layers  

 

2.2 Method  

2.2.1 Manufacture of unidirectional coir epoxy 

composites 

The manufacture method employed was hand 

layup. The prepared layers as shown in Figure 3 were used 

to manufacture the composites in double layers. The 

second layer was placed on the first layer in the same 

unidirectional manner and securely held with adhesive 

tape and the resin applied. The mixed resin was dropped in 

a zigzag manner onto the coir fibre layers using rubber 

pipette until the layers were sufficiently wetted. At the end 

of resin application, a rectangular aluminium weight of 

1kg was placed on the yet-to-cure composite. The 

composites were left to cure at room temperature for 24 

hours after which post curing was carried out in air oven at 

80 oC for 6 hours, The polymerization of bio epoxy resins 

with hardener is slower, hence the temperature of 80 oC  

and long curing time of 6 hour [23]. The samples were 

trimmed to meet the standard requirements and end-tabbed 

using aluminium end tabs as shown in Fig. 4. 3M Scotch –

Weld resin system was used for the end tab.  The resin 

system Part A and Part B was prepared in the ratio 27:100 

respectively. The end tab regions were grinded with P400 

silicon carbide paper for good adhesion to the Scotch Weld 

resin prior to end-tabbing.  

 

2.2.2 Tensile testing of resin and composites 

The tensile testing of the resin and manufactured 

composites were carried out in accordance with EN ISO 

527-5:1997 on Instron Universal testing machine 5566 at a 

cross-head speed of 1mm/minute using a load cell of 10 

KN.  
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2.2.3 Optical microscopy and scanning electron 

microscopy 

The single fibres and composites were sectioned 

into 12mm lengths. The samples were mounted by placing 

the specimens individually in a plastic mould designed to 

fit the polishing machine sample holders and potted in 

epoxy resin to preserve the fibre structure and allowed to 

cure for one day at room temperature after which the 

samples were post cured by placing in the lab oven at 80 
oC for six hours for full cure.  

Grinding was achieved using silicon carbide 

abrasive paper corresponding to grades (MetPrep) 600. 

800, 1200, 2500 and 4000 grit sizes in a LaboPol grinder 

polisher with PH100 Grinder/Polishing head, this was 

followed by polishing with MD system consumables. The 

samples were ultrasonically washed afterwards.  

Zeiss Axioskop-2 optical microscope was used to 

obtain good quality images for volume fraction. At this 

point, ImageJ software was introduced and used to 

determine the fibre volume fraction. Table top scanning 

electron microscope TM3030 was used to obtain 

microstructures of the samples. 

 

3.0 RESULTS 

3.1 Tensile properties  

A sample of the manufactured composite is as 

shown in Figure 4.  The tensile properties obtained are 

shown in Table 1 and displayed in Figure 5(a and b). The 

average tensile strength of the coir/bio-epoxy composite 

manufactured was 43.83 MPa. The tensile strengths  from 

literature with synthetic epoxy matrix  as reported by [19, 

20, 25, 26]  were 17.86 MPa, 13.05 MPa, 28.3 MPa and 

30.44 MPa. Therefore the tensile strength obtained in this 

study is higher than those obtained using synthetic epoxy 

matrix. This can be attributed not only to the type of 

matrix but also to the sample preparation, degree of 

 interfacial bonding, fibre orientation, sample 

gauge length, fibre volume fraction and manufacturing 

method [27–30] [27, 29–31]. The samples were carefully 

cleaned to remove debris and care was taken to align the 

fibres without much gaps in-between the fibres, these must 

have contributed to the increase in strength. Mechanical 

properties  of bio based resins are lower than  the 

petroleum-based epoxy resins [32] however certain factors  

such as preprocessing and post-processing can negate this 

finding . The tensile strength obtained was also higher than 

that of the neat bio-epoxy resin as shown in Figure 5a 

.Nevertheless; the tensile modulus and the elongation at 

break are comparable with the literature values for natural 

fibre composites. 

 

 
Figure 4: Manufactured composites 

 

   
       (a)                                                                  (b) 
Figure 5: Bar charts showing: (a) Tensile strength and (b) Young’s modulus and elongation at break of coir bio-derived epoxy 

composites. 
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Table 1: Tensile properties of the manufactured coir bio-epoxy composites 

Thickness 

 

(mm) 

Tensile properties  

Strength 

(MPa) 

Young’s modulus 

(GPa) 

Elongation at break (%) 

1.72 ± 0.28 43.83 ± 7.31 2.40 ± 0.37 2.72  0.51 

 

3.2 Failure mode of the coir/bio-epoxy composites  

The failure traces of the layered composites are 

shown in Figure 6. The failure was characterized by initial 

elastic region. The difference between the maximum 

failure stress and the minimum failure stress was 36% 

while the difference between the maximum failure stress 

and the mid failure stress was 10%. Matrix cracking was 

observed which can be attributed to poor wettability or 

thickness swelling; as the fibres get swollen, stress is 

exerted on the matrix which can lead to the composite 

micro-cracking and subsequent failure [33–35]. 

 

3.3 Morphological characterization 

The potted and polished samples for optical 

microscopy are shown in Figure 7. Cross section of coir 

fibre (see Fig. 8 (a) and (b) shows that coir fibre is highly 

porous. The coir fibre surface as observed using optical 

and SEM microscopy is shown in   Fig. 9 (a) and (b). The 

composites show the arrangement of the fibre within the 

matrix as shown in Fig. 10. The fibre volume fraction 

obtained using ImageJ on an 8-bit grey scale was 34%. 

The tensile strength value can be related to non-too close 

packing of the fibres within the matrix. This might have 

contributed to lower Young’s modulus of 2.40 GPa as 

against 2.82 GPa and 2.90 GPa obtained by [19, 20]  

 

Figure 6: stress-strain curves of the bio-epoxy composites: low 

strength: 32.13 MPa; mid strength: 45.22 MPa and high strength: 

50.42 MPa. The corresponding Young’s moduli are: 1.92, 2.31 

and 2.92 GPa respectively. 
. 

 
Figure 7: Potted, grinded and polished samples for optical microscopy (a) single coir fibre (b) coir fibre composites. 
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Figure 8: (a) cross-section of coir under optical microscopy (b) cross section of coir under scanning electron microscopy 

 

 
Figure 9: (a) Optical micrograph of coir surface (b) SEM micrograph of coir. 

 

 
Figure 10: Micrograph of coir bio-epoxy composite 

 

 

4.0 CONCLUSION  
(i) Coir bio-derived epoxy composites have been 

produced.  

(ii) The tensile properties of the  manufactured 

composites such as strength, Young’s modulus and 

elongation at break were found to be 43.83 MPa, 2.4 

GPa and 2.72 % respectively.  

(iii) The average tensile strength  achieved was higher 

than those  obtained using synthetic epoxy matrix 

and was particularly 70% higher  than the value 

obtained by [25] and 35% higher than the value 

obtained by  [20]  for six layers.  This was also  

higher than the value obtained by [37].  

(iv) The optical microstructure of the composites shows 

the distribution of the fibres within the bio-derived 

epoxy matrix with fibre volume fraction of 34%. 
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