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ABSTRACT 

 

This research is to develop a carbon composite prepared from carbon coconut shell 

reinforced with epoxy resin. Carbon coconut shell were selected from three types of 

coconut shell specifically namely as carbon Komeng coconut shell (CKCS), carbon 

young coconut shell (CYCS) and carbon ripe coconut shell (CRCS). The samples were 

prepared using epoxy resin reinforced with four different weight percentages of three 

types of carbon coconut shells starting with 0wt.%, 5wt.%, 10wt.% and 15wt.%. The 

Tensile behaviour of all samples was investigated to characterize the quality of the 

samples. The morphological study of reinforced samples was also conducted in this 

research by using SEM machine. The chemical composition and surface chemistry of 

these coconut shells were also determined to evaluate its importance in determining the 

end-use properties of composites. 
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INTRODUCTION 
 

Coconut shell is non-food part of coconut which is hard lignocellulosic agro waste. It 

was reported that contain of coconut shell ratio to overall coconut fruit itself in 

percentage, it has only 15–20% (Andrzej et al., 2010). Asia region, Malaysia, Indonesia, 

Thailand, and Sri Lanka are major producing country of natural filler coconut shell.  In 

2011, nearly 100,000 hectares of land have been utilised for coconut plantation that 

yields over 577,000MT of coconuts annually thus putting Malaysia as the 10th largest 

coconut producing country in the world (UNCTAD 2012). Agro waste product such as 

coconut shell is an annually increase every years and is available in abundant volume 

throughout the world. Agro waste raw materials could be a potential alternative 

replacing wood for making composite material particularly for automobile, packaging 

and construction applications. In fact, several automobile makers in Europe are using 

natural fibre composites in their car like a Mercedes Benz sedan (Monteiro et al., 2010). 

Previous research already discovered that lignocellulosic raw material such as coir fibre 

has been used for making composites reinforced with polymeric resin such as polyester 

(Santafé Júnior et al., 2010). Another part of coconut such as coconut shell reinforced 

Polypropylene also reported (Bledzki et al., 2010). Previous report also indicated that 

fibre length of coconut fibre reinforced epoxy resin varied the mechanical properties of 

composites (Sandhyarani at al., 2011). Apart from composite materials, the 

particleboards from agro by-product could be another potential alternative (Awang et 
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al., 2012). Nowadays, special concern has been manifested towards ‘‘green 

composites”. Some of the effort has been based on the use of new waste sources, with 

the aim to obtain biologically active compounds which can be applied in different fields 

and applications (Awang et al., 2012). The waste of coconut fruit shell or crust are 

totally not being used and normally discarded as garbage (Monteiro et al., 2010). 

Currently, defective coconut such as Komeng coconuts are considered as having no 

economic value and not utilise for composite in engineering application (Andrzej et al., 

2010). In this paper, three types of coconuts have been used such as CKCS, CYCS and 

CRCS for investigating the tensile behaviour. Activated Carbon (AC) was produced and 

reinforced with all these carbon to fabricated composite.  

 

MATERIALS AND METHODS 

 

All the coconuts shells firstly were weighed using digital weighing machine; then they 

were cleaned with fresh water and lastly dried at room temperature. After that all the 

coconuts shell were burnt in the oven with temperature ~80
o
C until 5 minutes so that it 

become coal or powdered ash. Epoxy resin and hardener were used type 3554A with the 

density of 1.15 g/cm
3
. The dumbbell-shape samples were prepared according to the 

standard ASTM D2099 for tensile test. Tensile tests were carried out using an Instron 

machine at Mechanical Engineering Department UPM Serdang Malaysia. The surfaces 

of the specimens are examined directly by scanning electron microscope model Hitachi 

accompanied with XRF to determine the chemical composition of the specimens. 

 

RESULTS AND DISCUSSION 

 

Figure 1 shows the tensile stress for all samples CKCS, CYCS and CRCS with different 

weight percentage (wt.%). It was shown that tensile stress trend for CKCS coconut 

carbon composite slightly increased start from 5 wt.% to 15 wt.%. Compared with 

CYCS and CRCS strengthen coconut carbon composite decreased dramatically even 

though CRCS a little bit increased at 10 wt.% of carbon content. The increasing of 

carbon content internally occurred might make the strength of CKCS sample higher 

than CYCS and CRCS samples. It can be seen that tensile stress of the composites 

increase with an increase of the filler content. The composites demonstrate somewhat 

linear behaviour. Mechanical properties of the coconut carbon shell composites depend 

on several factors such as the stress–strain behaviours of carbon and matrix phases, the 

phase volume fractions, the carbon concentration, the distribution and orientation of the 

carbon or fillers relative to one another. The increase of the filler content, results in the 

increase in tensile stress. This is due to the fact that coconut carbon filler particles 

strengthen the interface of resin matrix and filler materials. The maximum tensile 

strength of 10% filler composite was higher (18.34 MPa) belong CYCS at Figure 1(a) 

compared to other two combinations. While the trend for CKCS shows slightly increase 

at 15% with 15.55MPa starting from 5% carbon content at Figure 1(b). At lower 

concentration of the filler material, specimen CYCS and CRCS demonstrated slightly 

linear behaviour prior to sharp failure or fracture. This means that specimen deformed 

plastically immediate after elastic deformation.   
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Figure 1. Tensile stress CKCS, CRCS CYCS composites. 

 

Figure 2 shows the tensile strain for all samples CKCS, CYCS and CRCS with 

different weight percentage (wt.%). The graph shows tensile strain varied with 

difference weight percentage of AC contents. Starting with 5wt%, tensile strain at break 

for CKCS sample shows maximum value with 1.47% compared with CYCS and CRCS 

samples. Tensile strain drastically decreased from 1.50% to 0.80% for CKCS samples 

until met together at 15wt% with strain value is ranging from 0.60% to 0.70%.   

 

 
 

Figure 2. Tensile strain CKCS, CRCS and CYCS composites. 

 

Figure 3 shows the tensile modulus for all samples. From the graph, CKCS 

composite show spontaneously increased their modulus when compare with CRCS and 

CYCS even though CYCS achieved the maximum tensile modulus 3161MPa. 
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Figure 3. Tensile modulus CKCS, CRCS and CYCS composites. 

 

Chemical compositions with microphotographs of the selected for coconut shell 

are shown in Figures 4, 5 and 6 show that the inspection spectra of coconut shell 

internal surface elements acquired for CKCS, CYCS and CRCS respectively. The 

samples exhibit spectra containing mainly carbon, chlorine, kalium, oxygen and small 

amount of silicon, potassium, sulphur, and magnesium. The higher proportion of carbon 

in coconut shell can be attributed to the presence of hydrocarbon rich waxy coating on 

the cuticle of endocarp of coconut shell when present on the surface as activated carbon 

applications (Awang et al., 2012). The silicon contains in samples may have the 

influence on the properties of activated carbon reinforced composites. The oxygen 

content for CKCS also contributed for the toughness of the composite as usual if 

compared with CYCS and CRCS samples.  This can be determined with the CKCS 

sample where the tensile behaviour is drastically increase when contents of AC are 

proportional increased. All these two composition made the composites more strength 

compared to others natural composite materials (Andrzej et al., 2010).  

 

   
 

Figure 4. Elementary analysis of coconut shell CKCS. 
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Figure 5. Elementary analysis of coconut shell CYCS. 

 

  
 

Figure 6. Elementary analysis of coconut shell CRCS. 

 

CONCLUSIONS 

 

In conclusion, CKCS carbon composites show the good achievement for tensile 

behaviour because they have the better results for tensile stress, tensile strain and tensile 

modulus when compared with CRCS and CYCS carbon composites. From the results it 

was obtained that, the toughness of the samples especially CKCS carbon composite 

increased when rich with the carbon, silicon and oxygen contents. The maximum tensile 

stress was led by CYCS sample with 18MPa but CKCS has a continuing higher stress 

with 16MPa for 15wt.% carbon content. 
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