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Abstract 
 

Coconut shell is an agricultural waste which is abundant to the environment and also rise the risk to 

health as well as environment. Currently, most of the researchers are investigate the use of waste 

material which can reduce the costof construction and increase the strength. Some of thewaste 

materials are used in construction for instance palm oil fuel ash, rice husk, fly ash slag, sludge, 

coconut shell and etc. Hence, coconut shellwas selected for this study. Generally, the chemical 

and physical properties of coconut shell in road construction was highlighted in this paper and 

compared with others raw materials. In addition, the chemical and physical characteristics of 

coconut shell was presented according to X-ray Fluorescence (XRF), Scanning Electron Microscopy 

(SEM),Fourier Transform Infrared Spectroscopy (FTIR) Analysis and X-ray Diffraction (XRD). A review of 

using coconut shell in asphalt mixture has better potential than others raw materials to constribute 

in construction field. 
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1.0  INTRODUCTION 
 

Coconut has grown in more than 93 countries and 

one of the origin countries is South East Asia [1]. 

Coconut shell (CS) is one of the main polluter that 

contributes to the world’s pollution trouble as it is a 

solid waste in form of shell with approximately 3.18 

million tonnes annually, which represent over 60% of 

national waste volume [2]. Coconut shell, has cause 

copiously obtainable agricultural waste from local 

coconut industries [3]. 

Coconut shell is bio waste as others such as 

bamboo, jute, hemp, oil palm shell and rice husk have 

great potential as reinforcement in thermoplastics [4-

6]. These bio wastes have contributes many 

environmental advantages like low density, low cost, 

lower pollution, good thermal properties, high 

toughness, reduced tool wear and biodegradability 

over traditional reinforcing filler such as glass and 

carbon [7-15]. 

Besides that, coconut shell also categories as Metal 

matrix composites (MMC) with fly ash and rice hush 

which can ameliorate characteristics such as great 

precise strength, precise modulus, good weather 

resistance and great damping capacity contrast to 

unreinforced alloys [14, 16-17]. Coconut shell ash and 

rich husk ash [16-20] also are the cheaper and low 

density reinforcement as solid waste by-product. 
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These advantages can make CS become a very 

important agricultural product around the world as 

the new source of energy-biofuel [2, 21] rather than 

burnt to produces CO2 and methane emissions [21].  

Dried CS contains 33.61% cellulose, 36.51% lignin, 

29.27% pentosans and 0.61% ash [22]. CS has low ash 

content but high volatile matter, 65-75% [23]. The 

water absorption of the CS is higher than usual 

aggregate, which is 24% compared to 0.5 [1]. 

According to  Madakson[24], coconut shell ash can 

hold out working temperature of 1500°C without load 

[16, 18-20]. Besides, CS is also more resistance against 

crushing, impact and abrasion compared to others 

conventional crushed granite aggregate[22].  

Figure 1 shows the coconut shell that can found in 

the market and the crushed coconut shell that 

normally used in the test. It can use to mix with asphalt 

mixture directly for the experiment except water 

absorption test [22, 25]. CS has high water absorption 

ability because of its open structure containing many 

hydroxyl and acetyl group hence hemicelluloses can 

partly soluble in water and hygroscopic [26]. 

In order to reduce the water absorption ability of CS 

as the excessive content of water will weaken the 

structure of CS [27], chemical treatment can optimize 

the interface of CS to reduce its hydrophilic. The most 

usual treatment for CS is by using Sodium Hydroxide 

(NaOH) as it can reduce the hydroxide (OH) 

compound in CS hence reduce absorption ability [28-

29]. 

CS -OH + NaOH => CS-O-Na+ + H2O 

Besides that, some researchers have burnt CS into 

charcoal form and used as a filler to resist resistance 

to freezing, crushing and absorption [30]. 

Figure 1 (a) coconut shell and (b) Crushed coconut shell 

 

 

2.0  RESEARCH FINDINGS 
 

Microstructure is pointed to the material that has 

appereance on nm-cm length scale. Some 

microscopy techniques can be used to observe 

microstructure. The microstructural features of a given 

material may vary greatly when observed at different 

length scales. Microstructure analysis such as X-ray 

diffraction (XRD),scanning electron microscopy (SEM), 

Transmission electron microscope, and Energy 

dispersion X-ray microanalysis (EDX), Brunauer–

Emmett–Teller (BET) surface area and Fourier transform 

infrared spectroscopy (FTIR) can be used to observe 

the structure of a material in a nano scale. Coconut 

shell ash (CSA) is the product of coconut shell powder 

that has packed in a graphite crucible before fired in 

electric resistance furnace at temperature of 1300°C. 

 

2.1   Scanning Electron Microscopy (SEM) 

 

From K. Gunasekaran et al., [1] Scanning Electron 

Microscope (SEM) fit with an Oxford INCA Energy 

Dispersive Spectroscopy system. The test has done at 

an accelerating voltage of 5 to 20 kV [15]. The SEM 

analyses have done on discrete cells of CS and 

continuous cells of CS. Figure 2 shows the results that 

CS have very closely spaced discrete cells which are 

16.36 µm and 29.33 µm and the micro-pores were with 

sizes between 760 nm to 1.64 µm. Besides that, CS with 

continuous cells has various widths which are 

between 7.35-8.88 µm and its thickness is in range of 

852.7 nm to 1.24 µm. All the results show that CS 

specimens can resist higher load, endure high 

crushing and abrasion resistance.  

Figure 2 SEM images on CS specimens: (a) discrete cells of CS 

and (b) continuous cells of CS. 

 

 

Besides that, the result from the Gunasekaran[1] in 

Figure 3(a) and 3(b) which is the CS specimens with 

soaking and without soaking. Figure 3(b) shows that 

CS has high water absorption ability as it absorbs 

water and stored as the pore structures inside the CS 

comport like a reservoir.  

  
(a) (b) 

 
(a) 

 

 
(b) 
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(a) 

 
(b) 

 
Figure 3 SEM Images on CS specimens: (a) without soaking 

and (b) with soaking. 

 

Figure 4 is the SEM analysis to show the differences 

between the raw materials coconut shell ash, rice 

husk ash (RHA) and oil palm shell. The results show that 

RHA contains many crystalline grains which proved 

that many pores present in the material’s structure by 

the formation of white colour minera [24, 31]. 

However, palm kernel shell ash just has minor 

crystalline grains formed and contains rough and 

porous surface and its structure is quite 

inhomogeneous. SEM analysis for the CSA was 

observed that its structure is solid in nature but irregular 

in size. 

   

          (a)     (b)         ( c) 

 
Figure 4 SEM image: (a) Coconut shell ash; (b) Rice husk ash 

and (c) palm kernel shell ash 

2.2  X-Ray Fluorescence (XRF) 

 

Mini Pal compact energy dispersive X-ray 

spectrometer (XRF) was used to do materials’ 

elemental analysis which was controlled by a PC 

running the dedicated Mini Pal analytical software 

[18, 24]. The result of comparison between CS, rice 

husk and palm kernel shell is from Ghani et al. [31] and 

Madakson et al. [24]. Table 1 show the highest 

compound of CS is SiO2 but still lower than rice husk. 

However, CS is hard because it contain high 

percentage of alumina, silicon oxide and iron oxide 

which are acknowledged to be among the strongest 

materials while others two samples although have 

high contain of silicon oxide, it still weaker than CS 

because of low contain of iron oxide and alumina. 

 
Table 1 Element compound of rice husk, palm kernel shell 

and coconut shell 

 

Compound 

Percentage (%) 

Rice husk 
Palm 

kernel shell 
Coconut shell 

SiO2 89.57 31.73 45.05 

Al2O3 1.32 3.46 15.6 

Fe2O3 1.43 1.78 12.4 

P2O5 1.04 2.57 - 

CaO 0.77 20.27 0.57 

TiO2 1.01 12.39 - 

MgO 0.76 1.01 16.2 

Na2O 1.15 1.38 0.45 

K2O 1.65 1.51 0.52 

Cl 1.3 0.08 - 

MnO - 1.27 0.22 

C - 12.55 - 

ZnO - - 0.3 

 

2.3  X-Ray Diffractometer (XRD) 

 

The chemical composition of the phase in CSA was 

determined using  Philips X-ray diffractometer. The X-

ray diffractograms was taken using Cu Kα radiation at 

scan speed of 3o/min. Compound of CSA is SiO2 and 

the elements present in it are C,  Mg, O, Al,Fe, Si, Zn, 

Na and K which shows that the ash does not contain 

radioactive materials like Dy, Xe, Pr and Eu. The result 

of XRD as illustrated in Figure 5 is in correspondence 

with the result of XRF obtained. 
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Figure 5 XRD pattern of coconut shell ash 

 

 

2.4  Fourier Transform Infra-Red (FTIR) 

 

Coconut shell ash was using FTIR-8400S Fourier 

transform infrared spectrophotometer (SHIMADZU) to 

test its functional groups present. The Figure 6 shows 

that IR spectrum rises because of the presence of 

quartz in the original ash series of bands located at 

1132 and 443.64 cm-1 [24]. The series of bands at 

around 3797 cm-1show the present of mullite while the 

series of bands at around 4091.15-4617.74 cm-1show 

the present of carbon group. Mullite, Quartz, carbon 

and vitreous phases are confirmed presence because 

of the series of bands of mullitle, glassy and Quartz  

phase of the ash intersect in the area between 1220 

cm-1and 1434.12cm-1 [24] 

Coconut shell ash was using FTIR-8400S Fourier 

transform infrared spectrophotometer (SHIMADZU) to 

test its functional groups present. Figure 6 shows that 

IR spectrum rises because of the quartz in the 

archetype of original ask series of bands placed at 

1132 and 443.64 cm-1 [24]. The series of bands at 

around 3797 cm-1show the present of mullite while the 

series of bands at around 4091.15-4617.74 cm-1show 

the present of carbon group. Mullite, Quartz, carbon 

and vitreous phases are confirmed presence because 

of the series of bands of mullitle, Quartz and the glassy 

phase of the ash intersect in the region among 1220 

cm-1and 1434.12cm-1 [24]. 

 

 
Figure 6 FTIR pattern of coconut shell ash 
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3.0  DISCUSSION 
 

From the research findings above, the coconut shell 

ash can be observed and concluded that it is stronger 

than rice husk ash and palm kernel shell ash. Besides 

that, its characteristics are qualitified to used as metal 

matric composites in the civil field which that the 

Quartz, carbon phases and Mullite are present in it. 

The possibility to convert the coconut shell to a useful 

material are environmental friendly and constribute in 

construction field.  
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