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ABSTRACT 

 

Natural fibres as reinforcement of composite have been applied during the last decade. 

One of natural fibre has been used as reinforcement is coir fibre. As reinforcement of 

composite, such fibre needs treatment to improve compatibility with its matrix with 

suitable treatment. In this paper, surface treatment of such fibre was conducted using 

sodium bicarbonate (NaHCO3) solution with various densities and soaking time 

differences. Mechanical and morphological properties of coir fibre were investigated. 

Coir fibres were soaked in the 8 wt.%, 10 wt.%, and 12 wt.% sodium bicarbonate 

solution for 24 hours and 120 hours.  After treatment, coir fibres were characterized 

with tensile testing, scanning electron microscope (SEM), Fourier transform infrared 

(FTIR) and x-ray diffraction (XRD). The results suggested that mechanical properties of 

coir fibre after sodium bicarbonate solution changed for all densities and soaking time. 

The coir fibre treated in 12 wt.% sodium bicarbonate for soaking time 120 hours has 

highest tensile strength. The surface morphology of fibre was analyzed by using SEM. 

It showed micropores on the fibre surface which may influence the mechanical 

properties of coir fibre.  
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INTRODUCTION 

 

Natural fibres have been used as reinforcement of composite. Such fibres have taken 

more attention due to their advantages such as specific strength, biodegradability, and 

low price and environmentally friendly [1-3]. However, its poor compatibility with 

matrix has been a drawback as reinforcement of composite because of hydrophilic 

natural fibres and hydrophobic matrix [4]. To solve this issue, surface modifications of 

natural fibres have been studied by some researchers. Chemical treatment is one of 

methods which has been used to improve this compatibility such as alkalization or 

mercerization, silane and benzene diazonium salt treatments of coir fibres improved the 

adhesion of fibre-matrix in the composite [4,5]. Alkali treatment of natural fibre has 

been conducted on henequen fibres [5], Napier grass fibres [6], coir fibres [7-11], 

Borassus fruit fine fibres [12], coconut sheath fibre [13], sisal and kapok [14]. Lignin 

and some impurities in the fibres can be removed by alkali treatment. In addition, 

cellulose structure depolymerization can occurred and crystallites of natural fibres were 

changed during the treatment [15]. Another chemical substance used to modify of the 

surface of natural fibres is sodium bicarbonate. This sodium bicarbonate treatment is an 

eco-friendly treatment due to its non-toxic properties. Fiore et al. [3] have investigated 
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the effect of sodium bicarbonate treatment on mechanical properties of sisal fibres and 

its adhesion with epoxy matrix in the composite. The treated sisal fibres with 10 %w/w 

of sodium bicarbonate for 120 hours has significantly improved tensile properties of 

fibres and has increased compatibility between sisal fibres and epoxy matrix. The 

sodium bicarbonate has been mixed with chromium sulfate solution for surface 

modification of ladies finger fibre [16], and coir fibre [17]. 

One of natural fibres which has been developed for reinforcement of composite 

is coir fibre. This fibre has low tensile and modulus strengths, but it has high elongation 

compared to other natural fibres [18,19]. Prasad et al. [20] investigated that alkali 

treatment with 5 % NaOH solution for 72 to 96 hours of coir fibres increased the tensile 

strength and improved wettability between coir fibre and polyester. Meanwhile the 

extended soaking time after 96 hours, the tensile strength of such fibres decreased due 

to removing the cuticle and the bonding material of the fibres. Furthermore, Nam et al. 

[9] evaluated that when the coir fibres were treated in 5 % NaOH solution for 72 hours, 

the tensile strength of such fibres was the higher than untreated and other treatments (5 

% NaOH for 24, 48 and 96 hours) of coir fibres. Beside the increase of the tensile 

properties of such fibres due to alkali treatment, the surface roughness of coir fibres also 

enhanced which may improve the mechanical interlocking of fibre-poly(butylene 

succinate) matrix in the composite so that it rised the mechanical properties of 

composite. In addition, Gu [21] studied the treated coir fibres with 2-10 % 

consentrations of alkali treatment as reinforcement of composite. Result showed that the 

tensile strength of coir fibre tended to decrease with the higher consentration of alkali 

treatment. This may be caused by removal of the components of coir fibre like lignin, 

cellulose, pectin and fatty acid which induces the damage of the fibre strength. 

Meanwhile, the tensile strength of treated coir fibre composite was higher than 

untreated coir fibre composite. It caused by the improvement of fibre-matrix adhesion 

due to leaching out of fatty, pectin and lignin which lead to surface roughness of the 

coir fibres so that it would be mechanical interlocking between fibre and matrix occur. 

Then, addition of compatibilizer to coir fibre-matrix composite improved bonding of 

fibre-matrix and raised tensile strength [22]. Eco-friendly treatment of coir fibre using 

plasma treatment was carried out by Praveen et al. [23] and de Farias et al. [24].  

Based on research of Fiore et al. [3] and environmentally friendly consideration 

of coir fibre treatment, this paper presents the effect of different densities (8 wt.%,10 

wt.% and 12 wt.%) of sodium bicarbonate solution with soaking time (24 hours and 120 

hours) on mechanical and morphological properties of coir fibres. The effect of sodium 

bicarbonate solution on coir fibres can be determined by mechanical testing for 

mechanical properties and SEM characterisation for surface morphology. FTIR 

spectrum was conducted to analyze chemical composition, while XRD analysis to 

measure crystallinity indices.  

 

MATERIALS AND METHODS 

 

Coir fibres were obtained from Tawaeli – Palu area, Central Sulawesi, Indonesia. Such 

fibres were extracted from coconut husk by mechanical extraction and then cleaned. 

Surface treatment of coir fibre in this study used sodium bicarbonate (NaHCO3) 

solution. Fibres were soaked in different densities of sodium bicarbonate solution (8 

wt.%, 10 wt.% and 12 wt.%) for 24 hours and 120 hours at room temperature. After 

soaking, fibres were washed with distillated water and dried in room temperature for 24 

hours, then followed by drying in oven at 110 ºC for 1 hour [13] as shown in Figure 1. 
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Figure 1. (a) Raw coir fibres and (b) NaHCO3 solution treated coir fibres. 

 

Tensile testing of coir fibre was conducted by using Llyod L10K Plus Universal 

Testing Machine following procedure provided by ASTM 3379. The gauge length of 

fibre specimen was 30 mm and crosshead rate was set at 2.5 mm/min. To calculate fibre 

stress, diameter of fibre was measured by optical microscope. Surface morphology of 

coir fibre was characterized with SEM – JEOL JSM 6510 LA.  

FTIR characterisation was conducted with using IRPrestige-21 FTIR-8400S 

SHIMADZU. A small portion of coir fibre powder was taken for FTIR spectroscopy, 

ground with KBr reagent (KBr: coir fibre powder = 10:1) using mortar and pestle. Then, 

the mixture was formed into pellet using a dice and hand press machine. Then, the pellet 

was placed on the sample holder. The IR spectrum was obtained and then analyzed. 

An XRD-7000 X-Ray Diffraction SHIMADZU type X-ray powder diffraction 

was utilized to determine crystallinity index of raw and treated of coir fibres. The X-ray 

tube is the copper (Cu) type and generates at 40 kV and 30 mA. The diffraction machine 

was operated at a scan speed of 2 degree/min with sampling pitch of 0.02°. The samples 

were scanned from the range 2θ, varying from 10° to 40° for raw and sodium 

bicarbonate treated fibres. Index of crystallinity is calculated based on Segal method as 

in Eq. (1) [25]. 

 

CI(%)=
I002-Iam

I002

 (1) 

 

where I002 is the maximum intensity diffraction of peak and Iam is the minimum 

intensity diffraction of peak. 

 

RESULTS AND DISCUSSION 

 

Mechanical Properties of Raw and Treated Coir Fibre 

 

Tensile strength and strain of raw and sodium bicarbonate treatment coir fibres are 

shown in Figure 2 and Figure 3. Sodium bicarbonate solution consist of three densities 

or compositions: 8 wt.%, 10 wt.% and 12 wt.% with time differences of soaking of 24 

hours and 120 hours. As can be seen in Figure 2, tensile strength of raw coir fibre is 

142.39 MPa which is lower than that of 10 wt.% for 24 hours and 12 wt.% for 120 

hours treatment. This strength is lower than have reported [19]. The highest tensile 

strength among all is treated coir fibre in 12 wt.% for 120 hours soaking of sodium 
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bicarbonate reaching 167.85 MPa. It increased about 17 % from the tensile strength of 

raw fibre. Such treatment of coir fibres has less micropores or damage in the surface 

after treatment as can been in Figure 4 and Figure 5. The removal of substances on the 

surface of coir after alkali treatment contributes to change the tensile strength of coir 

fibre [20]. Meanwhile, strains or elongations of raw and treated fibres did not 

significantly change after treatment for 24 and 120 hours. The strain of coir fibre 

increased between 20 % and 30 %.  

 

 
 

Figure 2. Tensile strength of raw and NaHCO3 solution treatment coir fibres. 

 

 
 

Figure 3. Strain of raw and NaHCO3 solution treatment coir fibres. 

 

Surface Morphology of Coir Fibre 

 

Figure 4 and Figure 5 show the surface morphology of raw and treated coir fibre images 

taken from SEM characterisation. As can be seen in Figure 4, raw fibre surface 

contained some impurities whereas treated fibre surfaces did not have impurities. But, 
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the samples with 8 wt.% and 12 wt.% NaHCO3 treatment exhibit micropores on their 

surfaces. This micropores may induce tensile strength of fibres to decrease.  

 

 
 

Figure 4. SEM images of (a) raw coir fibre and; solution treated coir fibre at (b) 8 % 

and; (c) 10 %, (d) 12 % NaHCO3 after soaking for 24 hours. 

 

 
 

Figure 5. SEM images of (a) raw coir fibre and; solution treated coir fibre at (b) 8 % 

and; (c) 10 %, (d) 12 % NaHCO3 after soaking for 120 hours. 
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Similarly, treated fibre for 120 hours soaking in Figure 5, micropores appear in 

the treatment of 8 wt.% and 10 wt.% NaHCO3. Whereas, for 12 % NaHCO3 with 120 

hours, only few much micropores existed on its surface relative to other samples. This 

may explain the tensile strength of 12 wt.% NaHCO3 with 120 hours soaking time 

reached the highest level among all treated samples. These results suggested that 

appropriate density of NaHCO3 and soaking time may enhance the tensile strength of 

coir fibre. The result also implied the potential characteristic of coir fibre to be used as 

reinforcement in matrix composite. The micropores, however, can serve as interlocking 

bonding between matrix and fibre [8]. 

 

FTIR Characterisation of Coir Fibre 

 

FTIR spectrum of raw and sodium bicarbonate treated coir fibres is illustrated in Figure 

6. Raw coir fibre spectrum in Figure 6(a) shows OH-stretching vibration of cellulosic 

structure with peak intensity 3442 cm-1 similar to the result reported by Samal et al. 

[26]. This peak intensity tends to shift after sodium bicarbonate soaking. Shifting of this 

peak intensity after treating the coir fibre agree with previous study [17,27]. Intensity 

position between 3200 to 3600 cm-1 suggested a strong band from cellulose, 

hemicellulose and lignin of coir fibre [17]. Cellulose, hemicellulose and lignin are the 

main chemical components of coir fibre. Peaking at 2912 cm-1 band is a characteristic 

band for C-H stretching vibration of cellulose/hemicellulose [26]. The C=O linkage of 

hemicellulose in the raw coir fibre is exhibited by band of 1743 cm-1 which changes 

after sodium bicarbonate treatment [26, 28]. Peaking bands at 1602 cm-1 and 1512 cm-1 

of raw coir fibre related to C=C aromatic stretching vibration due to lignin [17, 26]. 

Then, bands at range 1030-1462 cm-1 of raw coir fibre are associated to various possible 

assignments including C-O/C-C stretching vibrations, asymmetric in phase ring 

stretching, asymmetric C-O-C stretching, interaction between O-H bending and C-O 

stretching, aliphatic C-H bending vibration, OH in plane bending, and CH2 bending 

vibration in glucopyranose of cellulose [26].  

 

XRD Characterisation of Coir Fibre 

 

X-Ray diffraction analysis of raw and sodium bicarbonate treatment of coir fibres is 

shown in Figure 7 and in Table 1. Crystallinity index (CI) of treated coir fibres tend to 

increase which exhibits the improvement of restructure of cellulose. It may also 

improve the  tensile strength of fibres [6,12]. The opposite result was found by 

Mwaikambo and Ansell [29] where CI increased with tensile strength decreased for 

alkali treatment of sisal fibre. It may occur because the treatment may lead to rupture 

the primary wall of fibre which influences to the crystalline regions. The 12 wt.% 

sodium bicarbonate treatment for 24 hours has the highest of crystallinity index (CI) 

where it rises approximately 14.68 % from raw fibre. However, the crystallinity index 

of coir fibre in this research is lower than reported before by Satyanarayana et al. [30], 

Tomczak et al.[18] and Arsyad et al. [11]. 
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Figure 6. FTIR spectrum of (a) raw coir fibres and; treated coir fibres at (b) 8 %,  

(c) 10 % and (d) 12 % NaHCO3 for 24 hours and NaHCO3 treated coir fibres at (e) 8 %, 

(f) 10 % and (g) 12 % NaHCO3 for 120 hours. 
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Figure 7. XRD of (a) raw coir fibres and; treated coir fibres at (b) 8 %, (c) 10 %,  

(d) 12 % NaHCO3 for 24 hours and treated coir fibres at (e) 8 %, (f) 10 %, (g) 12 % 

NaHCO3 for 120 hours. 

 

Table 1. Crystallinity index of coir fibre before and after NaHCO3 treatment. 

 

Samples 
Crystallinity index, CI (%) 

 24 Hours 120 Hours 

Raw 35.02   

NaHCO3 

Treatment 

8 %   38.50 34.92 

10 %   34.25 37.38 

12 %   40.16 36.29 

 

CONCLUSION 

 

In this research, coir fibres were treated with 8 wt.%, 10 wt.%, and 12 wt.% sodium 

bicarbonate (NaHCO3) solution for 24 hours and 120 hours. The mechanical and 

morphological properties of coir fibre were investigated. Tensile strength of coir fibre 



Bakri et al. / International Journal of Automotive and Mechanical Engineering 15(3) 2018 5562-5572 

5570 

 

after sodium bicarbonate treatment changed for all densities and soaking time. The 

sample with 12 wt.% sodium bicarbonate for 120 hours soaking time exhibited the 

highest tensile strength relative to other samples. The SEM images revealed micropores 

existence on its surface morphology after treatment in certain density of sodium 

bicarbonate. These micropores promote local stress concentration causing tensile 

strength weakening. However, soaking the coir fibres in 12 wt.% sodium bicarbonate 

for 120 hours exhibited only few the micropores. As a result, the tensile strength 

increased. FTIR and XRD characterisation demonstrated that after sodium bicarbonate 

treatment of coir fibre, peak intensities are shifted, and crystallinity index tended to 

increase. Further study is needed by facilitating the micropores as an interlock bonding 

between fibre and matrix composite. 
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