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Abstract.  

A substitution of synthetic fillers by natural fillers decreases an environmental burden, namely 

both in terms of saving fossil sources, and of a minimization of energy demands on a 

preparation of a reinforcement for composite systems. Last but not least the natural fibres are 

available and so they decrease a price of a final product. Performed experiment describes 

strength characteristics of white and brown coir fibres and biocomposites with the synthetic 

matrix and these fibres prepared by a vacuum infusion. Water solution of NaOH (6%, 12h) 

was used for treating of the fibre surface. The strength characteristics of the fibres differ 

depending on time of their harvesting – the tensile strength of previously harvested white 

fibres reached 115 MPa, the tensile strength of brown coir fibres harvested in a full maturity 

of the coconuts reached 123 MPa. The chemical treatment of the fibres led to roughening of 

the surface and to an improvement of an interfacial interaction. The chemical treatment of the 

fibres also led to the increase of their tensile strength up of 58 MPa (brown fibres) and the 

modulus was increased of 1.87 GPa on average. Globular formations on the surface of the 

fibres were removed due to the alkali acting. Layers of lignin were reduced which led to an 

improvement of the interaction with used epoxy resin. The inclusion of chemically treated 

brown fibres increased the matrix strength of 28.64 MPa, the inclusion of white fibres of 

20.22 MPa. 
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1. Introduction 

Composite materials with natural based phases are more desirable materials and 

vigorously developing area in a material engineering [1-4]. Biocomposites belong among very 

prospective composites which determine a direction of future materials, such as aerogel and 

other composites and materials [5-9]. Natural vegetable fibres have been already abundantly 

used in many industrial applications where just the vegetable fibres are of a dominant position 

comparing to the animal based fibres [10, 11]. Coir can be indicated as a renewable secondary 

natural resource. The strength of the natural fibres is determined above all by a content of 

cellulose [11]. A microfibrillar angle is proportional to a strain at break [11]. Coir belongs 

into a group of the cellulose based natural vegetable fibres [12, 13]. It is of many advantages. 

The strength, a high strain at break, a medical harmlessness and an availability influencing a 

low price of the fibres (the price ranges to 0.50 USD/kg) can be ranked among these 

advantages [13, 14]. A variability of characteristics owing to the biological essence of the 

material is the disadvantage. 0.45 mil tonnes of these fibres are produced annually according 

to Yan et al. [13, 14] in India and Sri Lanka above all. When comparing the coir with other 

types of the vegetable fibres it is possible to say that the coir is of lower cellulose content and 

higher microfibrillar angle. The utilization of the coir is possible in many applications, e.g. a 

production of composite boards, an application in the building industry – constructions of 

houses, parts of cars or also in a form of fillers into crash helmets [15].        

The coir can be treated by alkali for increasing the strength characteristics of the 

composite system. This treatment leads to an improvement of surface properties in terms of a 

reduction of impurities and a lignin content. SEM analysis performed by the authors also 

proved better adhesion to matrices [16, 17]. Chemical treatments lead to the increase of the 

tensile strength and the impact strength of composite systems [18]. Easwara Prasad et al. [18] 
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optimized the impact strength of polymeric materials by the coir. The coir is also used for a 

creation of hybrid boards e.g. together with wood [19, 20]. 

Also coir dust is used in the interaction with epoxy matrices for increasing of the wear 

resistance. 

The aims of the paper are following:  

• an experimental description of strength characteristics of the coir harvested in 

various phases of a maturation of the coconut, i.e. the white and brown fibre,  

• a description of the morphology of these fibres by means of an electron 

microscopy,  

• a description of the pore structure in terms of the diameter size and porosity 

using mercury intrusion porosimetry technique [21, 22], 

• a description of the influence of the fibre chemical treatment by the solution of 

NaOH on a change of the fibre surface structure,  

• an experimental description of long-fibre composites with these fibres,  

• an evaluation of the influence of the chemical treatment and a type of the fibre 

on the interfacial interaction with the reactoplastics synthetic matrix.  

For this purpose, the abrasive wear under conditions of a no-rigidly (three-body abrasion 

resistance using sand feed into a contact zone between the specimen of the long-fibre 

composite and a rubber disc) was evaluated [23]. 

2. Material and methods 

In this section the type of used fibres and a resin will be presented. Furthermore, the 

methods used for the characterization of the treated fibres and the prepared composite will be 

described. 

2.1. Fibres 
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The coir is reached from the fruits of the palm Cocos nucifera and it is a secondary 

product at processing of the fruits – coconuts (see Fig. 1).  

 
Fig. 1 Brown and white coir: fibres removed from coconut (left), fibres prepared for experimental 

program (right)  

 
The coir is the most often gained mechanically in a line processing the coconuts when 

the fibres are removed from the coconuts (pectin packaging) by means of a set of counter-

rotating rollers. The mechanization of this process minimizes or entirely removes the time 

needed for watering of coconuts before the fibres removing. The coir fibres gained from the 

technological line in Philippines were used in the experiment (Philippines belong among 

significant producers of coconuts). 100 g of fibres on average can be reached in the 

technological line from one mature coconut. The time of a maturation corresponds approx. to 

40 - 50 days (according to the size of coconuts). The length of fibres ranges the most often in 

the interval 25 to 35 cm. Brown fibres which are the most often arising commodity are 

separated from matured coconuts. These fibres are used more than the white fibres. They are 

thicker and of wide applications. White fibres are extracted from immature coconuts, usually 

after 10 months of watering. White fibres are used e.g. for a production of ropes and nets 

resistant to salty water. Resultant fibre properties are given except for the biological character 

itself also by a method of the extraction itself and by the time before watering and extracting. 

The mechanical removing of fibres minimizes the influence of the watering – time reduction. 
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Defoirdt et al. [11] judged the density of the white coir 1.01 ± 0.05 g·cm-3 and of the brown 

coir 1.29 ± 0.07 g·cm -3. Coconut fibre is of a natural microstructure (see Fig. 2). Its 

description is important for understanding the fibres behaviour and their interaction with the 

composite matrices.  

 
Fig. 2 Structure of coir 

The fibre surface treatment belongs among basic factors determining the interfacial 

interaction. It is important to summarize a chemical composition of the coir fibres in terms of 

this treatment, see Tab. 1.  

6 % water solution of NaOH was used for the chemical treatment of the fibres, the 

time of acting 6 h at the laboratory temperature 24 ± 2 °C. Then all fibres were washed in a 

distilled water (including fibres without the chemical treatment) and dried at the temperature 

105 °C. The surface morphology not only in composite systems is one of the important 

aspects of engineering materials and their structures [24-27]. 

Tab. 1 Chemical composition of coconut fibre (coir) [17, 20] 

Cellulose (%) Hemicellulose (%) Pectin (%) Lignin (%)  Density (g·cm-3) 
46 0.3 4 45 1.15-1.46 

A universal testing machine was used for the determination of the tensile 

characteristics of the fibres – it was used a modification of the standard ASTM C1557 (a 

length of fibres 10 mm, a shift speed corresponded to 1 mm·min-1). 

2.1.1. Porosimetry  

The mercury porosimetry is the progressive intrusion of mercury, as adsorbate, into a 

pore structure under stringently controlled pressures. Mercury is forced into the pores of the 

solid by applying pressure. The value of the adsorbed mercury volume allows to calculate an 

area, a distribution by pore sizes, and percentage of porosity of the material. With this 
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technique pores between about mesopores (2-50 nm) and macropores (> 50 nm) can be 

investigated. The pore size distribution, the total pore volume or porosity, the skeletal and 

apparent density, and the specific surface area of a sample are the results of this 

characterization technique. It measures the largest entrance towards a pore (see Fig. 3), but 

not the real inner size of a pore. Furthermore, it cannot be used to analyse closed pores 

because the mercury has no way of entering in these pores. The non-wetting property and high 

surface tension of the mercury are the qualities for its use in the pore probing test.   

 

Fig. 3 Schematic representation of pores 

Mercury does not wet most substances and will not spontaneously penetrate pores by a 

capillary action, whereby it must be forced into the pores by the application of an external 

pressure. The required pressure is inversely proportional to the size of the pores. In fact, only 

slight pressure is required to force the mercury into large macropores, whereas for small pores 

much greater pressure is required. Clearly, more accurate pressure measurements result in 

more accurate pore size data. All porosimetry instruments adopt the assumption that the pore 

shapes are characterized as a cylindrical geometry. From the pressure versus intrusion data, 

the instrument used for this technique generates volume and size distributions by the 

Washburn [28] equation.  The Equation (1) represents the balance between the force required 

to introduce the mercury in the pores and the force due to externally applied pressure acting 

over the area of the contact circle.   

��	�� ��� 	 	

�	��

�
   (1) 

or simplified  

	����� 	

��� ��� �

�
  (2) 
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where D is the pore diameter, γ the surface tension, θ the contact angle and P the applied 

pressure.  The negative sign in equation (1) is because of θ>90º. The first term is intrinsically 

negative (see Fig. 4). 

.         

Fig. 4 Liquids resting on solid surface. Different angles of contact are illustrated for wetting and non-wetting 
liquids (left); mercury in contact with porous solid (right). 

The contact angle is a parameter which affects the analysis results. Numerous papers 

have demonstrated the wide range of the contact angles between mercury and various 

different or even very similar solid surfaces. For example, contact angles for "identical" 

systems of mercury on glass are of 128º to 148° [29]. On the other hand, a fixed value 

irrespective of the specific sample material is often applied in most practical situations, e.g. 

130º or 140º. Several techniques are available to determine the contact angle. The contact 

angle can be also estimated using (3): 

cos 	 
 1 �
��� !"

#

2�%&,!(�
 (3) 

where g is gravity acceleration, and � is density of the liquid. 

In the case of materials composed of stacked, thin sheets where slit-like openings 

predominate, the expression of equation (2) will be: 

)	 

�#� ��� �

�
	 (4) 

where W is the width between the pores.  As above mentioned, the volume of mercury forced 

into pores (and into void spaces) increases as the pressure increases and as a result it is 

possible to obtain a unique pressure-volume curve. A few examples are shown in Fig. 5. 
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Fig. 5 Pressure-volume curves of different materials 

Figure 5 shows the mercury intrusion-extrusion curves from the pores upon pressure 

reduction for 3 different materials: (A) sample consisting of relatively coarse grains; (B) a 

single piece of material in which there is a wide distribution of pore sizes (no void volume is 

indicated); (C) fine powder (∅+=10µm) essentially without pores and the volume is indicated 

due to voids among the particles. Cumulative pore volume vs. pore diameter and incremental 

pore volumes are the others information obtainable from application of this technique.  

Micromeritics AutoPore IV 9510 (Micromeritics, Norcross, GA 30093-l877, U.S.A) 

equipment was used for the intrusion-extrusion porosimetry, with a range resolution in terms 

of pore size from 7 nm to 360 µm. The first step for the porosimetry analysis was the 

standardization of the size and shape of the white and brown coconuts fibres samples. For this 

purpose, the samples were washed with distilled water. Subsequently the samples were oven-

dried at 80 °C for 24 h, and the dry weight of the sample was determined, as shown in table 2. 

Tab. 2 Hg Parameters 

Advancing Contact Angle (°) 141 
Receding Contact Angle  (°) 141 
Hg Surface Tension (γ - dynes/cm) 484  
Hg Density (g/mL) 13.55  
White coconut fibre Sample Weight (g) 0.2104 
Brown coconut fibre Sample Weight (g) 0.1889 

Porosimetry with mercury intrusion involves two basic steps: filling and low pressure 

porosimetry; the high-pressure porosimetry. The first step involves removing air and residual 

moisture or other liquids from the pore system. This is achieved by slowly increasing the 

pressure. This allows mercury to penetrate into larger pores of the sample or into any void 
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spaces. The first data point was taken at a pressure of 3000 Pa to 4000 Pa (0.5 psia). The last 

data point was taken at a pressure of 7000 Pa (1.02 psia). For the high-pressure porosimetry, 

the sample-cell was transferred to the high-pressure system. It was surrounded by hydraulic 

fluid. Pressures of up to 414 MPa (60,000 psia) were applied in an isostatic way. The intruded 

mercury volume was measured continuously. Table 3 shows the low pressure porosimetry 

parameters.  

Tab. 3 Porosimetry Parameters for Low-pressure Test 

Evacuation Pressure (µm·Hg) 50 
Evacuation Time (min) 15 
Mercury Filling Pressure (psia) 1.02 
Equilibration Rate (µL/g/s) 0.1 
Maximum Intrusion Volume (mL/g) 0.015 

Tab. 4 shows the high pressure porosimetry parameters 

Tab. 4 Porosimetry Parameters for High-pressure Test 

Equilibration Rate (µL/g/s·Hg) 0.1 
Maximum Intrusion Volume (mL/g)  0.2 

2.2. Resin 

A two-component epoxy resin with a low viscosity suitable for laminating 

technologies including a vacuum infusion was used as the matrix. The resin was hardened by 

cycloaliphatic polyamine, the main component Izoforon di-amin. The properties of the resin 

and the hardener according to the producer are stated in Tab. 5. 

Tab. 5 Properties of resin/hardener – technical sheet according to producer 

Resin property Resin Hardener 
Epoxy mass equivalent (g·mol-1) 180-196 - 
Epoxy index (mol/1000g) 0.51-0.56 - 
Flash-point >150 - 
Viscosity mPa.s at 25°C 500-900 7-11 
Density (g·cm-3) 1.12-1.16 930-960 
Hydrogen equivalent (g) - 48 

2.3. Composite 

The preparation of composite boards (see Fig. 6) was performed by means of the 

vacuum infusion. Settled fibres which were pressed by the force 5 kN were put into the 

prepared moulds in a shape of the board with dimensions 20 x 30 cm and a height of 4 mm. 
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The composite was prepared with 20 wt. % of the fibres in the epoxy matrix. The space of the 

mould was treated at first by a liquid separator which is of zero adhesion to the resin. The 

mould space was closed by means of the vacuum mass/tape and then filled with the resin. A 

vacuum pump with the following parameters: capacity 55 l·min-1 and the absolute pressure of 

100 mbar abs was used for the vacuum process.  

The test samples were cut from the boards by means of an abrasive water jet, see Fig. 

6.  

 
Fig. 6 Process of composite board preparation and cutting test samples by water jet  

The hardness was evaluated at the prepared composite boards, namely by means of a 

ball indentor of the diameter 5 mm and the force 961 N according to the standard CSN EN 

ISO 2039. The test samples for the tensile strength corresponded to the standard CSN EN ISO 

3167. Samples were tested on a universal testing machine. A speed of a cross beam motion 

was 6 mm·min-1. The setting for tensile characteristics test was performed in accordance with 

the standard CSN EN ISO 527. 

2.3.1. Wear resistance testing 

A three-body abrasion resistance was evaluated on a device defined in the standard 

23.208-79 [23] (Wear resistance testing of materials by friction against loosely fixed abrasive 

particles, see Fig. 7). Free abrasive particles of sand of a size 100 – 200 µm were strewed on a 



M
ANUSCRIP

T

 

ACCEPTE
D

ACCEPTED MANUSCRIPT
test sample of a dimension 30 x 30 x 4 mm to which rubber disc of a diameter 50 mm and a 

width 15 mm was pressed at the same time. 1000 turns were realized which corresponds to the 

rubber disc track of a length 157 m. A peripheral speed of the rubber disc corresponded to 

0.162 m·s-1. The rubber disc was pressed to the test sample surface by 1.58 kg. Test samples 

were weighed always before and after the test with a sensitivity to 0.1 mg. Mass losses were 

recorded. 

  
Fig. 7 From left: Test equipment, detail of rubber disc, temperature of rubber disc during test (after 750 

turns) 

The interfacial interaction, the fracture surfaces, the morphology and the 

microstructure of coir fibres were evaluated by means of the electron microscopy – Tescan 

Mira 3 GXM. The samples were dusted with gold for the purpose of the electron microscopy.  

ANOVA analysis and T-test in the significance level α = 0.05 were used for the 

statistical evaluation of the experimentally gained data. Introduced zero hypothesis H0 speaks 

about the statistically insignificant difference in the observed characteristics among compared 

sets of data, i.e. p > 0.05. 

3. Results and discussion 

Dimensions of the fibres were determined by means of the stereoscopic and electron 

microscopy. The diameter of the brown coir (243 ± 68 µm) was of 31 µm higher on average 
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than the diameter of the white coir (212 ± 56 µm). The measurement results are summed up in 

the histogram – Fig. 8.   

 
Fig. 8 Histogram: diameter of brown and white coir fibres  

 There is no difference between the brown and the white coir in the fibre structure. The 

fibres are created from single elementary fibres which are hollow. A lacuna is visible in the 

middle, see Fig. 9. The structure detail is obvious from Fig. 10.  

 
Fig. 9 SEM images of cross section (white coir) Mag. 840 x 
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Fig. 10 Detail of elementary fibres (brown coir): Mag. 4.08 kx (left), Mag. 7.51 kx (right) 

Table 6 shows the results of the mercury porosimetry for the white and brown coconut 

fibres. The volume of the pore was 0.6578 mL/mg for the white coconut fibres that 

corresponded to a maximum mercury pressure of 59936.04 (psia) as shown in Fig. 11a. And 

of 0.7645 mL/mg for the brown coconut fibres that corresponded to a maximum mercury 

pressure of 59933.02 (psia) as shown in Fig. 11b. The pore diameter value was approximately 

3.6 nm for mercury pressure values of 59936.04 (psia) for the white coconut fibres, and for 

mercury pressure values of 59933.02 (psia) for the brown coconut fibres. The maximum pore 

diameter value was approximately 214.1 and 217.1(µm), for white and brown coconut fibres 

respectively, for a low-pressure of 1.02 (psia). 

Tab.6 Results of Porosimetry 

 White Coconut Fibres Brown Coconut Fibres 
Total Intrusion Volume 0.6578 mL/g 0.7645 mL/g 

Total Pore Area 22.618 m²/g 14.373 m²/g 
Median Pore Diameter (Volume) 555.4 µm 751 µm 

Median Pore Diameter (Area) 13.8 nm 6.6 nm 
Average Pore Diameter (4V/A) 0,1163 µm 0.2128 µm 

Bulk Density at 1.02 psia 0.709 g/mL 0.664 g/mL 
Apparent (Skeletal) Density 1.3284 g/mL 1.3486 g/mL 

Porosity 46.64 % 50.77 % 
Stem Volume Used 36 % 38 % 

The results of the porosimetry of the fibres show that the maturation process of the 

fibres increases the porosity. In fact, the porosity for the white coconut fibres is 46.64 %, 
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while, for the brown coconut fibres the porosity is 50.77 % (tab. 6). It is possible to note from 

the same table that the average pore diameter of the cylinder-shaped pores was of 0.1163 µm 

and of 0.2128 µm, for the white and brown coconut fibres respectively. 

 

 

Fig. 11 Cumulative intrusion vs pressure for: a) white coir (above); b) brown coir (bottom) 
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Fig. 12 Log differential intrusion vs pore size for:  a) white coir (above); b) brown coir (bottom) 

The figures 12a and 12b show the hysteresis curves for white and brown coconut 

fibres, respectively. From these figures it has been possible to investigate on the pore shape of 

the fibres under study. In fact, from the comparison of the results presented by Liabastre and 

Orr [30]    and Zgrablich et al. [31] it is possible to conclude that the intrusion and extrusion 

curves at the highest test pressure have the same pattern of the hysteresis curves of the needles 

pore shape and spherical pore shape [30, 31]. The influence of the surface treatment by 6 % 

water solution of NaOH on the surface of the fibres is illustrated in Fig. 13. The alkali acting 

increased the surface texture of the fibres which is clearly observable. This process is caused 

due to removing of natural and artificial impurities from the fibre surface, i.e. e.g. the 
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cellulose amount. The arrangement of units in the cellulose macromolecule changed at the 

same time [32]. Spherical formations – globular particles are visible on the surface before the 

alkali treatments of the coir fibres. These formations are removed from the surface owing to 

the chemical treatment. The lignin layers – phenolic natural polymer are marked in Fig. 14 

(left). The significant removal of these layers occurs due to the alkali treatment. The surface 

shape optimization due to the described changes leads to an improvement of the interfacial 

interaction with used matrices. Nam et al. [16] summarize the influence of the alkali acting on 

the coir surface by the schema [33] (5):  

Coir – OH + NaOH → Coir–O-Na+ + H2O (5) 

  
Fig. 13 Brown coir – microstructure of brown coir before chemical treatment - Mag. 391 x (left), detail of 

globular surface formations (Silica body) – Mag. 16.8 kx (right) 
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Fig. 14 Brown coir – fibre surface before chemical treatment by alkali - Mag. 2.13 kx (left), fibre surface after 

chemical treatment Mag. 1.88 kx (right) 

The lignin works at the cuticulas as the adhesive in the cell walls of cellulose fibres. It 

indicates their structure and protects the fibres against microbial or chemical degradation. The 

observation of the influence of the alkali treatment on the fibre surface is in accordance with 

conclusions of authors [34-36]. A disappearance of surface globular formations would 

become more intensive, according to their conclusions, due to increased expiration length, e.g. 

72 h.  

Further the influence of the chemical treatment on the strength characteristics of fibres 

was judged, namely by means of the tensile strength and the modulus of elasticity, see Fig. 

15. The tensile strength of the brown untreated fibre reached the value 123 ± 54 MPa 

(2.53 GPa) on average and the alkali treatment increased this value of 58 MPa (of 1.87 GPa). 

The value of the tensile strength at the white fibres reached 115 ± 33 MPa (2.40 ± 059 GPa) 

and the alkali treatment increased this value of 36 MPa (0.49 GPa).  

 
Fig. 15 Strength characteristics of fibres before and after alkali treatment: tensile strength (left), 

modulus of elasticity (right) 

 
Results described in the experiment are in accordance with the results of other studies 

– however, most authors state the strength of the coir fibres without a definition of their 

harvest stadium – i.e. the properties of the brown fibres in a full maturation of the coconut. 

Yan et al. [13, 14] state the tensile strength of the coir 95 – 230 MPa, the elastic modulus 2.8 
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– 6.0 GPa. Nele Defoirdt et al. [11] differed various stadiums of the maturation and they 

determined the tensile strength of the white coir as 162 ± 32 to 192 ± 37 MPa and of the 

brown coir as 186 ± 55 to 343 ± 36 MPa. They determined the elastic modulus as 3.39 GPa at 

the white coir fibres and as 4.16 GPa at the brown coir fibres. Generally, the interval 4 – 6 

GPa is presented in the literature [37, 38]. Ramakrishna and Sundararajan [39] state the 

interval 15 – 327 MPa and Toledo et al. [40] 108 - 252 MPa. Generally, it is possible to say 

that the experimentally ascertained tensile strength values of the fibres at single available 

studies very differ [15].  

  The statistical comparison of the fibre tensile strength (T-test) in the significance 

level α = 0.05 talks about the statistically significant increase of the tensile strength of the 

brown fibres after the alkali treatment (p = 0.02). This increase was not statistically significant 

in this level at the white fibres (p = 0.42), namely due to a high dispersion which can be 

caused by the natural character of judged fibres.  

The alkali treatment of the fibre surface led identically with the results of the authors 

[16, 33] to the increase of the tensile characteristics of the fibres. Nam et al. [16] describe the 

strength increase due to the acting of NaOH from 139.67 MPa to the value 218.52 MPa (5% 

solution of NaOH, acting time 24 h). The modulus was increased by this treatment from 

2.79 GPa to 5.64 GPa. However, it is possible to find in the literature also results which 

describe the fall of the tensile characteristics due to the alkali treatment, e.g. the study of 

Imran and Adelbert [35]. They justify the results by a fall of binding elements in the fibres. 

However, the tensile strength increase due to the suitable alkali treatment is described also in 

many other studies [17, 35]. 

The chemical treatment of the fibres led to the optimization of the interfacial 

interaction which was observable by means of the electron microscopy. This fact was caused 

by a removal of the surface layers and the globular formations manifesting itself by the fibre 
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surface roughening which was reflected in better wetting of the fibres with the matrix. Higher 

roughness of the fibre surface without undesirable formations also increases the mechanical 

interfacial bond. The rise of the imperfect wetting – gaps – between the matrix and the fibre is 

visible in Fig. 16 (left). The example of the optimum wetting is presented in Fig. 16 (right).  

 
Fig. 16 Fracture surface – detail of interfacial interaction: bad interaction (left), optimum interaction (right)  

Assumptions gained by the electron microscopy were subsequently certified by the 

experimental program describing the strength characteristics of the composite systems with 

long oriented coconut white and brown fibres. The concentration 20 wt. % was used for the 

description of the difference between the composite strength of white or brown fibres – 

namely according to the conclusions of Nam et al. [16] who describe a significant increase of 

the strength from 5 to 25 wt. % of the coir fibres. However, the composite with 30 wt. % of 

the fibres was already of smaller strength than the composite with 25 wt. % of the fibres (the 

matrix: butylene succinate). So the concentration 20 wt. % was chosen as the optimum 

concentration for the comparison of the properties of the composite with the white and the 

brown fibres.  

The tensile strength of the epoxy resin was increased due to the inclusion of the coir. 

This increase was caused by higher tensile strength and modulus of the fibres in a comparison 
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with the epoxy matrix. The increase of the composite strength occurred by the inclusion of the 

brown fibres, of 25.54 MPa at the untreated fibres and of 28.64 MPa at the treated fibres. The 

strength was increased of 19.69 MPa (untreated fibres), resp. of 20.22 MPa (NaOH treatment) 

at the composite with the white fibres. These materials are mostly loaded with higher 

dispersion of measured values owing to the natural character of described composite systems. 

This dispersion causes the fact that if the values between the treated and untreated fibres (T-

test) in the significance level α = 0.05 are compared, the parameter p is p > 0.05 for the brown 

fibres and for the white fibres. 

Results correspond with the conclusions of many authors [31, 39-42] as well as of 

Nam et al. [16], who observed the increase of the matrix strength of 28.2 % at the same 

concentration due to the inclusion of the brown untreated fibres and of 71.8 % at fibres treated 

with NaOH for 72 h. The increase of the elongation at break, Fig 17 right, is in accordance 

with the conclusion of Huang Gu [43] who observed the increase of the elongation at break at 

PP/coir composite with the fibres treated with 10 % NaOH from the value 14.5 % to the value 

18.9 %. 

 
Fig. 17 Strength characteristics of composite systems: tensile strength (left), elongation at break (right) 

The hardness of the prepared composites was declining in a comparison with the 

unfilled resin, see Fig. 18. There is no statistically significant difference between the hardness 

of the composites with treated as well as untreated fibres and with brown and white fibres: 

always p>0.05. 
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Fig. 18 Hardness of composite systems - CSN EN ISO 2039 

Results of the abrasive wear resistance are presented in Fig. 19. It is obvious from the 

results that fibres were of no high influence on resultant losses. Significant differences 

between white and brown coir fibres were not proved. Differences between the fibres 

orientation – oriented in a direction of the rubber disc rotation and perpendicular to the 

direction of the rubber disc rotation - were not recorded at the same time. The loss of the resin 

without the filler corresponded to 0.0703 g. The highest increase in wear resistance (0.0666 g) 

was recorded at the body with perpendicular fibres orientation to the direction of the rubber 

disc (brown coir, NaOH treatment) – it was an increase of 5 %. The perpendicular orientation 

of the fibres to the direction of the rubber disc slightly increased resistance to wear. The 

NaOH treatment did not have an impact on wear resistance. These results are in agreement 

with those of [44]. In fact, a better result on wear resistance depends not only on the hardness 

of the individual components that make up the composite material, but also on its porosity 

[44] and its Median Pore Diameter (Area) (Tab. 6). In fact, for the porous materials, with high 

Median Pore Diameter (Area), abrasive grains can enter the pores droping drastically the 

wear-resistance. In the cases under study, the best wear resistance is obtained in the case of 

composites with brown coconut fibres, which corresponds to a greater porosity, to a greater 

hardness and to a lower value of Median Pore Diameter (Area) (Tab. 6).  
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Fig. 19 Resistance to abrasive wear (left), arrow (right) indicates direction of disc rotation: A-perpendicular 

orientation; B-identical orientation 

4. Conclusions 

The structure of fibres described by the electron microscopy certified the presence of 

fibre cavities – pores. The structure and the morphology of the brown and the white fibres are 

very similar. The coir fibres are of high ductility at the low relative mass. The suitable alkali 

treatment increases their tensile strength and the elastic modulus. Used alkali treatment 6 % 

water solution of NaOH for 12 h removed a huge amount of undesirable surface 

formations/layers on the fibres. It was certified by SEM analysis. This treatment led to the 

increase of the tensile strength of both brown as well as white fibres. The tensile strength of 

the composite systems was increased due to the performed alkali treatment which was a 

consequence of the optimization of the interfacial interaction. The optimization of the 

interaction was observable by the electron microscopy when it came to better wetting of the 

fibres with the epoxy matrix.  

The primary aim of the experiment was not to judge the influence rate of various alkali 

treatments on the tensile characteristics of the fibres and the composites. However, it is 
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obvious that longer time of the alkali treatment would lead to the improvement of the 

observed characteristics.  

It is possible to say by comparing the characteristics of the brown and the white fibres 

and the composite systems created with these fibres that the brown fibres reach higher tensile 

strength than the white fibres. The composite systems created with brown fibres reach also 

better mechanical characteristics. Important conclusions from the performed experiment can 

be summarized in a following way: 

• The results of the porosimetry show that brown coconut fibres have a higher 

porosimetry ratio than white coconut fibres. 

• In addition, brown coconut fibres have an average pore diameter value, using the 

cylinder-shaped pores approximation, of about 82% higher than pores of white 

coconut fibres. This finding is an important factor at forming mechanical 

characteristics of fibres and their composite systems. 

• The hardness was decreased up of 32 % due to the inclusion of the fibres. 

• The alkali treatment at the brown fibres increased the tensile strength of 47 % 

and the modulus of 74 % 

• The alkali treatment at the white fibres increased the tensile strength of 31 % and 

the modulus of 20 %. 

• The composites with the brown fibres reached higher tensile strength than the 

composites with the white fibres. This fact can be influenced by a difference of 

the fibre porosity which was proved by this study when the pores can be filled 

with the resin in some situations. 

• The alkali treatment of the fibres increased the tensile strength at the composite 

systems with the brown fibres of 3.7 %. This increase was negligible 0.4 % at 

the white fibres. 
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• The best wear resistance is obtained in the case of composites with brown 

coconut fibres, which corresponds to a greater porosity, to a greater hardness and 

to a lower value of Median Pore Diameter (Area).  
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