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Abstract 

In this study, coir fibres were studied for use as reinforcement materials for polymer composites. 

The effect of fibre treatment on fracture toughness properties of coir fibre and Rice Husk Ash 

(RHA) reinforced epoxy composites were investigated. Fracture properties of the treated and 

untreated hybrid composite were determined by ASTM D790 standards. The energy absorbed 

per unit area was recorded. The test results show that the alkali treated coir fibre had a much 

cleaner and rougher fibre surface after the alkali treatment. Compared with the untreated hybrid 

composite, treatment improved the toughness properties of hybrid composites. 

1. Introduction 

Polymer matrix composites have specific strength and stiffness are low when compared to metals 

and ceramics. These difficulties are overcome by reinforcing other materials with polymers. 

Secondly, the processing of polymer matrix composites need not involve high pressure and 

doesn’t require high temperature. Also equipments required for manufacturing polymer matrix 
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composites are simpler. This became the reason for the rapid development and popularity of 

polymer matrix composites for structural applications [1-2].  

Common fibre reinforced composites are composed of fibres and a matrix. Fibres are the 

reinforcement and the main source of strength, while matrix glues all the fibres together in shape 

and the stress is transferred between the reinforcing fibres. The fibres carry the loads along their 

longitudinal directions. Sometimes, filler might be added to smooth the manufacturing process, 

impact special properties to the composites, and / or reduce the production cost [3-5]. 

Among natural fibres, coir fibres are generally used because of their inexpensive cost, durability 

and other advantages, which in turn has made them usable for producing floor furnishing 

materials, yarn, rope, etc. [6]. In tropical regions such as India, Bangladesh, Sri Lanka, Thailand 

etc., coir plays a significant role in their regional economy also. Owing to its qualities such as 

resilience, extensibility, fungi and rot resistance, moth-proof, excellent insulation against 

temperature and sound, coir occupies a high up position, which has augmented its commercial 

and industrial application [7]. Coir is chiefly a multi-cellular fibre containing 30–300 or more 

cells in its cross section. Cells in coir are crystalline cellulose arranged helically in a matrix 

consisting of a non-crystalline cellulose-lignin complex [8]. Coir fibre has been reported to 

possess the highest elongation at break among typical natural fibres, which is also capable of 

taking a strain that is 4–6 times more than the other fibres [9]. 

 

Rice Hush Ash (RHA) is considered as one of the economic as well as promising reinforcement 

particle for Aluminium MMC. RHA is an agricultural waste which is available in surplus 

quantities across the globe. The constituents of a typical milled paddy are rice, bran and husk. 

Rice mills make use of this husk as fuel to produce steam for the parboiling process. The volatile 
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matter in the husk evaporates during the process of burning and the residual husk is transformed 

into ash which is named as RHA. Silica is known for hardness. The percentage of ash in Rice 

Husk (RH) is about 10-25% higher than other biomass fuels and it also has 85-87% of silica 

content which shows the high level of porosity, less weight and high external surface area [10].  

Similar to other natural fibres, coir fibres also possess some negative characteristics: they are 

hydrophilic; their mechanical and physical properties are strongly reliant on the climate, location 

and weather, and thereby it is difficult to predict their respective composite properties [11]. 

Because of the presence of pendant hydroxyl and polar groups in various constituents of fibres, 

moisture absorption of fibres is very high and leads to poor interfacial bonding with the 

hydrophobic matrix polymers [12]. Thus, it is necessary to decrease the moisture absorption and 

hydrophilic character of fibres by suitable surface chemical modification [13]. To date, only few 

work has been conducted on treatment of coir fibre to improve the mechanical properties of coir 

fibre reinforced polymer composites [1416]. Therefore, in current study, coir fibres were 

chemically treated with weight 5%NaOH solution (20 ˚C) for 30 min to increase the 

compatibility of coir fibre with epoxy matrices. The review of fracture toughness properties of 

untreated and alkali-treated coir fibres, and the effect of addition of Rice Husk Ash (RHA) 

reinforced epoxy composites were investigated. 

2. Materials and methods 

2.1 Materials 

The coir has been collected from the local sources of kanyakumari District, Tamilnadu, India. 

Normally coir fibre is extracted from coconut. The coir thus obtained was alkali treated in 10% 

NaOH solution for removal of waxes. The NaOH treated coir was then washed with water. In 

order to remove the moisture contents the washed coir is then subjected to heating at 60

C for 10 
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hours. This treatment was done to change the nature of the coir from hydrophobic to hydrophilic. 

This treatment increases the wettability of fibre in the epoxy matrix and enhances the surface 

roughness, so that there is a strong interfacial bonding formed between coir and epoxy. The 

treated fibre is then chopped and the same treatments as explained in [11] are done to it.  Fig.1 

shows the images of the coir treatment.  

The RHA can be used as reinforcement material by obtaining silica from rice husk. The rice husk 

was collected from agricultural waste sources of Tamilnadu, India. The samples of 

Epoxy/20%Coir, Epoxy/15%Coir/5%RHA and Epoxy/10%Coir/10%RHAtreated and untreated 

have been prepared as discussed in [3-5]. 

 
(a) untreated  (b) NaOH treated  (c) treated in hot over 

dryer and chopped 

Fig. 1 Treatment of coir fibre 

2.2 Fracture toughness 

The toughness of reinforced composite was increased with increase in reinforced contents. This 

is due to the fact that the impact energy transferred to reinforced content and relaxation time of 
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impact increases. The fracture toughness were carried out according to ASTM D790 standards. 

The energy absorbed per unit area was recorded. 

3. Results and discussion 

Analytical and experimental studies of Epoxy/20%Coir, Epoxy/15%Coir/5%RHA and 

Epoxy/10%Coir/10%RHA treated and untreated have been discussed here. In alkali treatments 

fracture toughness parameters, with three different materials are used to validate with the 

experiments results. Flaws is not completely avoidable in the processing, fabrication or service 

of a material/component, it is evident from the experimentation no flaws were observed in the 

samples. Fracture toughness analysis is mainly based on experimental analysis.  This is applied 

in many of the mechanical engineering problems and results obtained are found to be agreeable 

with the analytical and experimental results. 

3.1 Fracture toughness by analytical method  

In this work, the various options available in literature are utilized to determine stress intensity 

factor fracture toughness (KQ) and the same are compared with empirical relationship in use. An 

attempt is also made to simulate effective opening displacement of a single edge centre crack 

bend specimen for which test data is available. The three point bend specimen geometry is 

testing can be done under dynamic loading condition. The expression for stress intensity factor is 

presented SE (B) specimen is taken as standard. The specimen made from alkali treated 

condition. All the sample specimen were pre-cracked for a/w = 0.533. The load PQ various from 

3.95 KN to 5.92 KN. The fracture parameter KQ is evaluated at the current load (PQ) as shown in 

equation (1).  
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The results obtained from analytically and experimentally fracture toughness values are represent 

the Table 1. 

Table 1 Comparison results of fracture toughness of the prepared samples 

Sl.

No. 

Label 

assigned 

Fracture toughness (KQ) in KJ/m
2
 

Experimental Method 

(Treated Coir) 

Experimental Method 

(Untreated Coir) 

Analytical 

Method 

1 Epoxy/20%Coir 21.04 17.18 19.15 

2 Epoxy/15%Coir/5%RHA 31.11 28.54 30.72 

3 Epoxy/10%Coir/10%RHA 27.77 25.94 27.38 

 

It is concluded that the fracture toughness of Epoxy/15%Coir/5%RHA will be a better choice in 

polymer composite.   
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Fig. 2 Comparison of fracture toughness 

From Figure 2, the fracture toughness values are validated with the experimental (treated and 

untreated) and theoretical. It is observed that the Epoxy/20%Coir, Epoxy/15%Coir/5%RHA and 

Epoxy/10%Coir/10%RHA, the Epoxy/15%Coir/5%RHA showed better and higher fracture 

toughness value compared to all other remaining composites. The results of fracture toughness 

values are well validated with the experimental and theoretical method.  

4. Conclusion 

In this study, untreated and alkali-treated (10% NaOH solution, 60

C for 10 hours in order to 

remove the moisture contents) coir fibres and RHA were used as reinforcement. The fracture 
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toughness of the prepared hybrid composite were determined by tests.  Alkali treatment solution 

causes a clearer and rougher surface of the coir fibre, compared with the untreated fibre surface. 

Compared with the untreated hybrid composite, the alkali treatment increases the fracture 

toughness.   
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