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ABSTRACT 

The objective of this study was to determine the effect of chemical treatment on the coconut fiber surface 

morphology. This study is divided into three stages, preparation of materials, treatment and testing of coconut 

fiber. The first treatment is coconut fiber soaked in a solution of NaOH for 3 hours with concentration, 

respectively 5%, 10%, 15%, and 20%. The second treatment is coconut fiber soaked in KMnO4 solution with 

a concentration of 0.25%, 0.5%, 0.75%, and 1% for 3 hours. The third treatment is coconut fiber is soaked in 

H2O2 solution with a concentration of 5%, 10%, 15%, and 20% for 3 hours. At each treatment the fiber is 

dried in an oven at a temperature of 90
o
C for 5 hours. Coconut fibers that had been the first, second, and third 

treated, sorted out for chemical composition, single fiber tensile and SEM testing. Tensile strength of single 

coconut fiber was tested following ASTM 3379-02 by using a tensile testing LR10K Plus 10 kN Universal 

Materials Testing Machine. The fiber surface morphology was examined using electron microscopy Vega3 

Tescan Scanning Electron Microscope (SEM) at 5kV voltage, and X-ray diffraction, 30 kV, 15 mA, at scan 

speed 2.000 deg./min . The result shows that the highest tensile strength of the fiber obtained in the first 

treatment namely N4. In general the mechanical strength of the fiber decrease slightly however, the fiber 

surface morphology becomes rough. NaOH treatments cause crystallization on the surface of the fiber. 

Crystallinity index was decreased with increasing concentration of NaOH. The second treatment caused the 

trench grooves on the surface of the fiber that can improve bonding between fiber and matrix.  
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1. INTRODUCTION

The main content of coconut fiber is cellulose, hemi-cellulose, and lignin. The lignin content in coconut fi-

bers is very high [1, 2, 3]. Cellulose and hemi-cellulose is a polysaccharide compound while lignin is a mac-

romolecules polyphenolic compound [2]. The strength or ductility of composite can be obtained by taking 

into account the bond between the fiber surface with a matrix, the way to construct the fiber, and reinforcer 

component should have a higher elastic modulus than the matrix. The properties of the composite is strongly 

determined by compatibility between natural fibers with a matrix [4]
.
  

Natural fibers have a hydrophilic nature [5]. In addition, the surface of natural fibers also has dirt and 

other substances that may affect the bonding strength of the fibers with the matrix. Therefore, various studies 

have been done to improve the surface of natural fibers in order to have a good bonding strength between 

natural fibers with the matrix. Coconut fiber is very good to be used as a filler in the composite because it has 

several advantages such as: strong, lightweight, heat resistant, salt water resistant, cheap, and easily obtained 

[6,7]. 

Many ways of treatment has been done to improve the compatibility of natural fibers. The treatment, 

both physically and chemically, aims to modify the fiber surface. Chemical treatment is one method for 

improving the properties of natural fibers such as surface geometry, dirt removal, fiber strength, and the 

interaction between the fiber and the matrix [8]. Chemical treatment often used in natural fiber is alkali 

treatment. Alkali treatment is expected to remove most of hemicelluloses, lignin, waxes, and oils soluble in 

alkali, so that the fiber surface became rough because of reduced fiber aggregation [9]. Study on alkali 

treatment of the coconut fiber has been done by many researches [9, 10, 11, 12]. There was a decrease in the 
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fatigue life for a large stress composite reinforced with coconut fiber treated with sodium hydroxide [13]. 

In general, treated natural fibers used as a composite reinforce treatment give tensile strength and 

modulus of elasticity greater than the untreated natural fiber composites. Therefore, modification of the fiber 

surface treatment is considered to increase the strength of natural fiber Composite [13, 14]. Surface treatment 

using stearic acid and potassium permanganate other than NaOH provide a better performance than the un-

treated fibers [14]. Hydrogen peroxide (H2O2) was also used in coconut fiber treatment [9, 15]. In addition to 

chemical treatment, coconut fiber is treated by washing and boiling to remove dirt on the surface of the fiber 

so as to produce a cavity [2, 16]. 

Structural characteristics and chemical composition made tensile strength and modulus of elasticity of 

coconut fiber relatively low compared to other natural fibers. However, coconut fiber has special advantages 

such as large strain, low density, and weather resistant so that it is good for functional material [17].  

Generally in previous studies, fiber was treated only in one step [8, 9, 10, 16] or two steps [18]. 

However, in this study chemical treatment for coconut fiber was done in three steps, namely first step was 

NaOH treatment, the second step was KMnO4 treatment and the third step was H2O2 treatment, with varying 

concentrations. Moreover, after each step of treatmen, the fiber was immediately dried in an oven without 

washed with distilled water [13]. The objective of this research is to study the effect of chemical treatment on 

coconut fiber surface morphology. 

2. MATERIALS AND METHODS 

Coconut fiber in this experiment was obtained by separating the fiber from coconut husk and corks. Chemical 

solution for fiber surface treatment was prepared by dissolving sodium hydroxide (NaOH) in distilled water 

with the composition of 5%, 10%, 15%, and 20%; hydrogen peroxide (H2O2) with the same composition, and 

the potassium permanganate (KMnO4) with 0.25%, 0.5%, 0.75%, and 1% as tabulated in Table 1. 

 
Table 1: Notation of coconut fiber surface treatment 

NOTATION TREATMENT 

Without treatment N Untreatment 

 
The First Treatment (NaOH) 

N1 NaOH  5%    
N2 NaOH 10%   

N3 NaOH 15%   

N4 NaOH 20%   

 
The Second Treatment (KMnO4) 

K1 N1 soaked in KMnO4 0,25%   
K2 N2 soaked in KMnO4 0,50%  

K3 N3 soaked in KMnO4 0,75%  

K4 N4 soaked in KMnO4 1,00%  

 
The Third Treatment (H2O2) 

H1 K1 soaked in H2O2  5%   
H2 K2 soaked in H2O2 10%  

H3 K3 soaked in H2O2 15%  

H4 K4 soaked in H2O2  20%  

 

The three types of treatment are listed in Table 1. Untreated coconut fiber was given notation N. In the 

first treatment noted as N1, N2, N3, and N4, the fiber was soaked into NaOH solution with concentration as 

in table 1 each for 3 hours. After that the fiber was dried in an oven at a temperature of 90
o
C for 5 hours and 

then it was cooled to room temperature. In the second treatment noted as K1, K2, K3, and K4, the fiber that 

had been treated with N1, N2, N3, or N4 was soaked into KMnO4 solution with concentration as in table 1 

each for 3 hours. After that the fiber was dried in an oven at a temperature of 90
o
C for 5 hours and then, it 

was cooled to room temperature. In the third treatment noted as H1, H2, H3, and H4, the fiber that had been 

trated with K1, K2, K3, or K4 was soaked into H2O2 solution with concentration as in table 1 each for 3 

hours   and then the fiber was dried in an oven at a temperature of 90
o
C for 5 hours. After that it was cooled 

to room temperature. 

Tensile strength and strain of single coconut fiber was tested following ASTM 3379-02 by using a 

tensile testing LR10K Plus 10 kN Universal Materials Testing Machine. The diameter of fiber ranging 

between 0.15 mm up to 0.55 mm was measured using a vernier caliper with 0.05 mm accuracy level. All 

measurement was done 4 times. The fiber surface morphology was examined using electron microscopy 

Vega3 Tescan Scanning Electron Microscope (SEM) at 5kV voltage and X-ray Diffraction (XRD) 30 kV, 15 

mA, at scan speed 2.000 deg./min. The crystallinity index (IC) of the fibers was calculated according to the 

Segal empirical method as follows [19]: 
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where I002 is the maximum intensity of the 002 lattice reflection and I101 the intensity of diffraction. The 

crystallinyti index of coconut fiber of the first treatment is shown in Tabel 2. 

 

3. RESULTS 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

Figure 1: Surface morphology of fiber without and with the first treatment 
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Figure 1 shows SEM images of coconut fiber surface morphology.  Figure 1a shows the surface morphology 

of the untreated fiber, Figure 1b-e shows that of coconut fiber that had been treated with NaOH (first 

treatment), Figure 2a-d shows the surface morphology of coconut fiber that has been given a second 

treatment (NaOH then KMnO4), and Figure 3a-d shows that of coconut fiber that has been given a third 

treatment (NaOH then KMnO4 then H2O2). 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

Figure 2: Surface morphology of coconut fiber with the second treatment 

Figure 2a-d shows that the fibers treated with NaOH then KMnO4 causes grooves like trenches and an in-

crease in roughness of the fiber surface. 
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Figure 3: Surface morphology of coconut fiber with the third treatment 
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Figure 4: X-Ray Diffraction diagrams 

 

Table 2: Criystallinity index for the first treatment  

 

TREATMENT I(101) I(002) IC (%) 

N 2.116,11 5.309,07 60,14 

N1 2.540,86 6.745,58 62,33 

N2 2.101,42 5.508,30 61,85 

N3 2.713,79 7.019,27 61,34 

N4 3.179,72 5.791,28 45,09 

 

 

 

 

 

 

 

 

 

 

 

Figure 5: Tensile strength of coconut fiber at several treatments 

Figure 4 shows the X-Ray Diffraction at three treatments. The figure shows that the  X-Ray Diffraction is 

different  at each treatment and  Figure 5 shows the tensile strength of coconut fiber for all treatment. 
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4. DISCUSSION 

Figure 1a shows the untreated coconut fiber. The coconut fiber surface is rather smooth [10, 13]. This indi-

cates that the fiber surface is still filled with impurities or other elements. Figure 1b-e shows the rough sur-

face of the fiber due to the crystallization of NaOH solution for drying at a temperature of 90
o
C for 5 hours. 

Figure 1b-d shows large grain crystallizations whereas in Figure 1e shows small grains merge with each other 

so it looks sturdy. Alkali treatment makes the roughness of fiber surface very different from the untreated 

fiber surface [8, 10, 13]. Increased surface roughness of coconut fiber as the effect of increasing the amount 

of cellulose exposed [8]. Nevertheless, the roughness is not permanent because crystallization of NaOH can 

be released easily when the fiber is soaked in other solution. This occurred after the fiber was soaked in a 

solution of KMnO4 as shown in Figure 2a-d. Fiber surface morphology showed that the crystallization NaOH 

disappears. Crystallization which is reduced or lost is also visible in Figure 4b, the XRD test results show an 

almost straight line except in the treatment of K1. Besides that, Figure 4 shows the diagrams of XRD for 

untreated and treated coconut fiber. Figure 4a shows that the N4 line width peak of diffraction are the great-

est. This means that the N4 treatment causes small crystallization with, crystallinity index of 45,09 % as 

show Tabel 2.  It is clear that the decrease of the crystallinity on N4 treatment involving depolymerization, 

and it is evidence of the decrease of intensity [19]. 

Table 2 shows that the first treatment with NaOH decreases crystallinity index with increasing NaOH 

concentration.  It is also reflected in the SEM results, decreasing of crystal size with increasing of NaOH 

concentrations. These results were also seen in the XRD profile in Figure 4a with the lower intensity peak, 

means that the smaller the crystals size [9]. Overall, if compare with fiber untreated, crystallinity index was 

increase after alkali treatment [20]. In the second treatment with KMnO4 solution change of the fiber surface 

morphology seen in the SEM results (Figure 2). These results is appropriate with the XRD results in Figure 

4b which shows a different of diffraction pattern with tendency of peak is lower for the second treatment. 

This indicates a loss of crystallinity due to the second treatment. In the third treatment with H2O2 solution, 

crystallization phenomenon was seen again with the appearance of the diffraction peaks as shows Figure 4c. 

However, based on morphological images obtained from SEM, there are differences of crystallized form that 

occurs between the first and third treatment. Crystallized form could be different between treatments due to 

the different chemical reactions that occur on the surface of the fiber. The phenomenon of crystallization in 

the third treatment may be caused by the reaction between cellulose with hydrogen [20]. 

The crystallization wrap up coconut fiber so that it becomes stronger. As a result, the tensile strength 

of the coconut fiber becomes larger than the other treated of fibers. The roughness looks tougher than that in 

Figure 1b-e. Grooves size is proportional to the concentration of KMnO4. Grooves are expected to facilitate 

the matrix to fill the grooves so that it can improve the bonding strength between the fiber and the matrix. 

Figure 3a-d shows that in the third treatment the grooves on the surface of the coconut fiber are covered by 

H2O2 solution in the form of patches. Although the fiber grooves covered by patches the tensile strength of 

the fiber tends to fall with increasing concentrations of hydrogen peroxide, as shown in Figure 5. This is due 

to the fact that the patches are not able to properly fill the grooves and does not become a single unit as seen 

clearly in Figure 3a-d. This results in the maximum strengths as shown in Figure 5, which is 345.78 MPa. 

This indicates that the coconut fiber soaked in 20 % NaOH solution have a significant effect on the surface of 

the coconut fiber. The maximum tensile strength increase of approximately 85.6% of the untreated fibers 

which is 186.33 MPa [10]. This occurs because the fibers are covered by crystallized NaOH as shown in 

Figure 1e. 

 

5. CONCLUSIONS 

Three steps of chemical treatment have been applied on the coconut fiber. It can be concluded that: 

1. Chemical treatment can change the surface morphology of coconut fiber to become rougher though its 

mechanical strength decreases slightly. 

2. The first treatment leads to crystallization on the surface of the fiber, while the second treatment creates 

trench groove on the surface of coconut fiber.  

3. Crystallization index is inversely proportional to the concentration of alkali solution. 
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