
ADVANCES in NATURAL and APPLIED SCIENCES 
 

ISSN: 1995-0772   Published BYAENSI  Publication 
EISSN: 1998-1090             http://www.aensiweb.com/ANAS 

2017 June 11(8): pages 96-104             Open Access Journal 

 

ToCite ThisArticle: R. Udhaya sankar and B. Karthikeyan., Synthesis of Phenolic Bio-resin for Advanced biocomposites 
reinforced with Coconut Shell Particle: Mechanical and Thermal Properties. Advances in Natural and Applied Sciences. 11(8); 
Pages: 96-104 

  

Synthesis of Phenolic Bio-resin for Advanced 
biocomposites reinforced with Coconut 
Shell Particle: Mechanical and Thermal 
Properties. 

 
R. Udhaya sankar and B. Karthikeyan 

 
Annamalai University, Department of Mechanical Engineering, Faculty of Engineering and Technology, Tamil Nadu, India - 608 002. 

 
Received 28 February 2017; Accepted 22 May 2017; Available online 6 June 2017 
 

Address For Correspondence: 
R. Udhaya sankar, Annamalai University, Department of Mechanical Engineering,, Faculty of Engineering and Technology, Tamil 
Nadu. India - 608 002. 
E-mail:Srdmrsankar@gmail.com 

 
Copyright © 2017 by authors and American-Eurasian Network for ScientificInformation (AENSI Publication). 
This work is licensed under the Creative Commons Attribution International License (CC BY). 
http://creativecommons.org/licenses/by/4.0/ 

 
 

 
ABSTRACT 
This study aimed at developing a biocomposite using Cardanol resin (CR) as the matrix and Coconut shell particle (CSP) as the 
reinforcement. The Coconut shell particles 75µm with a weight percentage of (0, 10,20,30,40 Wt %) and cardanol resin were 
prepared. The CSP and CSP/CR composite were characterized by Fourier transform infrared spectroscopy, Scanning electron 
microscopy (SEM), Thermo gravimetric analysis (TGA), tensile test and water absorption. The effect of CSP loading on the 
properties of the CR/CSP composite was studied. The results showed that the morphology of the composites has better bonding 
between the particle and resin, thus leading to improvement of the mechanical properties. The Coconut shell particles added to the 
Cardanol resin polymer increased the percentage of water absorption and improved its rigidity and hardness values of the 
composites. The tensile strength increased to a maximum of 22.3 MPa at 30 wt%. The thermo gravimetric analysis results showed 
that the thermal stability of composite decrease (449-440°C) with particle loading from 30 to 40wt % against neat CR (456). 
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INTRODUCTION 

 

Production of high performance engineering polymer materials from renewable resources is one ambitious 

goal currently being pursued by researchers across the world [[1,2]. The environmental constraints and the new 

regulations on the recycling of Biocomposite materials have pushed manufacturers to develop new polymer 

materials from renewable resources. The introduction of natural fillers in polymer matrix can provide significant 

advantages compared to inorganic fillers used in composites such as carbon and glass fibers [3].The polymer 

based natural filler composites have increased worldwide due to their renewable and biodegradable character, 

low cost, low density, good mechanical properties [4] and to their environmental friendliness [1]. Many of 

researches [5] have been done to take advantages of the wide range of natural fillers properties such as thermal 

properties [[6]. These studies are mainly focused on varying particle content [7]. Various natural fillers such as 

bagasse [8], banana [9], and oil palm shell [10, 11], have been tested as new reinforcement agents in polymer-

based composite materials. Among these natural fillers, the Coconut shell could have a promising future as new 

reinforcement in polymer composites. The Asia Pacific region of Coconut production about 1.9 billion ha in 

south-west of India. It is one of the most common trees in the Indian area. Thus, the use of this lignocelluloses 
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filler is a great interest. In this work, CSP was used as alternative filler in a recycled Cardanol resin matrix. A 

chemical composition of coconut shell is cellulose (34%), hemicellulose (21%), and lignin (27%), Fat (5%), 

Protien (2%). The main constituents of CNSL are cardanol, anacardic acid, cardol, 2-methyl cardol and a small 

amount of polymeric materials [12]. These constituents have a side chain of C15 in the meta positions to the 

hydroxyl and this side chain can have up to three unsaturations . CNSL extracted by hot-oil is called technical 

CNSL, where the anacardic acid is decarboxylated into cardanol, which is the main constituent of technical 

CNSL [13]. In this work the cardanol has been poly condensed using formaldehyde and catalyzed by 

ammonium hydroxide, resulting in a product called Polymer resin. The main objective of this paper is to report 

the synthesis of new biocomposites from Coconut shell Particle impregnated with a polymeric matrix from 

Cardanol, Characterization of coconut shell and their composites by SEM microscopy, FTIR, Mechanical and 

Thermal Properties were also investigated. 

 

1. Experimental: 

1.1 Materials and Procedure: 

Cashew nut shell liquid (CNSL), was obtained from Golden Cashew Products PVT.LTD Pondicherry, The 

coconut shells were obtained from the market (Chidambaram, Tamil Nadu,India). Formaldehyde (37%), 

ammonium hydroxide (30%), sodium sulfate Anhydrous, Ethyl Acetate, Diglycidal Ether of bisphenol-A 

(DGEBA- LY 556), and Tri ethylene tetra amine (TETA) were purchased from Merck Life Science PVT.LTD, 

Mumbai, India. The coconut shell were collected, grounded and sieved in to average particle size of 75µm 

(Figure 1). CSP was then dried for 24h at 70°C using a vacuum oven before used for composite fabrication. 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

Fig. 1: Photographs of coconut shells and its Particles (a) unbroken CS (b) broken CS (c) Coconut Shell 

Particles 

                  

2. Synthesis of Cardanol Resin: 

The cardanol/formaldehyde resins were synthesized by reacting C and F molar ratios (1:1.6) by using 

ammonium hydroxide (NH4OH) as catalyst was, initially, dissolved in cardanol with a magnetic stirrer (300rpm) 

for 30mins in a glass beaker at 60°C. Then formaldehyde (48 g,) were added to a glass beaker and placed over a 

magnetic stirrer. After complete addition, the temperature of reaction kettle was maintained to 80±°C, and 

stirred at this temperature for one hour until the mixture becomes homogenous with mud color. Then Reacted 

resin was collected in a two neck flat bottomed flask equipped with a thermometer and condenser. The resin was 

subjected to constant stirring and refluxing and heated to a temperature range of 100-120 °C /3 hr. After which, 

the reaction mixture was cooled to room temperature. 

 

3. Composite Preparation: 

Composite sheets were prepared by hot pressing the mould at 60°C (Figure 2). Coconut shells were grinded 

to a particle and filtered through a sieve of pore size 75microns. A specific amount of Cardanol resin and Epoxy 

resin (75:25) were mixed using a mechanical stirrer for 10 min in a beaker. Subsequently, Coconut shell particle 

were taken and mixed thoroughly by different loading (0, 10, 20, 30, 40, Wt %). The hardener is mixed in the 

ratio of 10:1. The above mixture was poured into specially made moulds. The surfaces of moulds were coated 

on the inside with wax to avoid adhesion of the mixture and to allow easy removal of the composites. The 

mixture was then spread equally on the surface of the moulds. Composite sheets of size 290×290×3mm were 

prepared by a closed mold method. The mold was then closed and kept under pressure (100kgf/cm2) 60°c 

30min. Finally all the specimens were post-cured at 70°C for 12 hrs at hot air oven.   
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Table 1: Formulation Characteristics for Composites 

Sample compositions (%, w/w) 

    SI.No. Composite Cardanol resin 
Diglycidal Ether of bisphenol -A 

(DGEBA) + Hardener 

Coconut shell 

particles (75µm) 

1 CR 75 25 0 

2 10% CSP/CR 65 25 10 

3 20% CSP/CR 55 25 20 

4 30% CSP/CR 45 25 30 

5 40% CSP/CR 35 25 40 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

Fig. 2: 75µm CSP/CR biocomposite tensile Specimens before and after fracture 

 

4. Characterization: 

4.1. FTIR Analysis: 

FTIR analyses were carried out by using Agilent Technologies Carry 630 FTIR. Before analysis, powder 

specimens were dried at 70°C for 24h. The analyses were performed in the range of 500-4000 cm-1.  

 

4.2.SEM images: 

Scanning electron microscopy (SEM-JEOL JSM 6610 LV) characterized the fractured surfaces of tensile 

specimens of virgin CR, CSP/CR composite. The samples were coated with a thin layer of Platinum before 

scanning observation in order to increase the sample conductivity and also to avoid electrostatic charging during 

sample examination. 

 

4.3. Tensile Strength: 

The tensile measurement experiments were performed on Universal testing machine (UTM -model-

UNITEK 94100). For tensile tests the composite samples were cut into dumb-bell shape with cross sectional 

dimension of 165 × 19 ×3.0 mm in accordance with ASTM D638. 

 

4.4. Hardness: 

Hardness values of the composites was determined by Rockwell hardness machine (model- ALZ.150) using 

a 1.56 mm steel ball indenter, minor load of 10 kg, and major load of 100 kg. 
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4.5. Density: 

The basic method of determining the density of biocomposite samples by determining the mass and volume 

of the sample was used. A clean sample is weighed accurately in the digital weighing balance machine and 

measure the mass of the sample. The density of the sample was calculated from the equation below [14]. 

              

                  

 

4.6. Water Absorption: 

Water absorption measurements were carried out according to ASTM D570. Newly prepared Specimens 

were dried in an oven at 60 °C for 24 h until a constant weight was attained. The Specimens were then 

immersed in distilled water at 23 to 26°C. After being immersed for 24 hrs, after removal from the water, gently 

dried with a clean cloth, and immediately weighed to the nearest 0.001 g. The percentage of water absorption 

was calculated as follows, 

WA (%) = [(W2- W1)/ W1] X 100 

Where - W1 and W2 are the dried weight and final weight of the sample, respectively. 

 

4.7. Thermo gravimetric Analysis: 

The thermal stability of CSP particle reinforced polymer composite has been investigated using NETZSCH-

STA 449 F3 JUPITER. The sample weight was taken approximately between 30 and 40 mg, which was placed 

in a platinum pan. Tests were performed within the temperature range of 30-800 °C at a heating rate 10 °C/min 

under nitrogen atmosphere with the flow rate of 40 ml/min. 

 

RESULTS AND DISCUSSION 

 

5.1. FTIR Spectra of CSP: 

The functional groups present in CSP were analyzed through FTIR-analysis. The main absorption peaks of 

CSP are presented in Figure 3. The broad absorption band at 3425 cm-1 was attributed to OH stretching vibration 

and hydrogen bonds [15].C-H stretching vibration was observed at 2924 cm-1. The small peak at 1737 cm-1is 

assigned to C=O groups present in lignin and hemicellulose [16,17].The peak at 1607 cm-1may indicate the 

presence of water in vine stem powders [16]. The peak at1460 cm-1 is related to the C-H group in lignin. The 

other relatively weak peaks between 1000-1150 cm-1 C-O-C and C-O groups from main carbohydrates of 

cellulose and ligni [18]”. 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

Fig. 3: FTIR spectra of CSP 

 

5.2. Morphology study: 

The Scanning electron Microscope (SEM) was used to examine the tensile fractured surface morphology of 

the CSP/CR composites at 10, 20, 30 and 40% of particle content as is shown in Figure 4. As can be seen from 

Figure 4(c), at 30% Particle loading, a CSP/CR composite had a rough surface, and was deformed in ductile 

mode. Obviously, at higher Particle loading, a more porous structure and Particle agglomeration were observed 

for CSP/CR composites, as shown in Figure 4(d).A Similar observations have been reported by Supri and Lim 

(2009), Whereby increased the Particle loading correspond to a tendency for brittle fracture. The presence of 

cavities and pulled-out Particles confirmed that the interfacial bonding between the Particle and the CR matrix 

was weak and poor, thus reducing tensile strength [19]. The voids or pores are flaws that lead to localized stress 

                    Mass 
Density =    (g/ cm3) 
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concentration during deformation. Finally, premature failure of the composites occurred at higher Particle 

loading, indicating lower tensile strength. Whereby as Particle loading increases, formation of agglomeration 

occurs and is detrimental to mechanical properties. 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

Fig. 4: SEM fractograph of tensile specimen of (a-d) 75 µm 10, 20, 30, 40 % CSP/CR biocomposites 

 

5.3. Mechanical properties: 

The tensile strength and tensile modulus of both neat CR and CSP/CR composites at different Particle 

loading are shown in Figure 5. From figure 5, the tensile strength of neat CR, 10 wt.%, 20 wt.%, 30 wt.% and 40 

wt.% CSP/CR samples are 18,19.24,20.8,22.3 and 20 MPa, respectively. It is clearly seen that among CSP/CR 

composites, 30% Particle loading showed the best improvement in terms of tensile strength. The maximum 

tensile strength of the composites may be improved until CSP loading of 30 wt%. This is due to good dispersion 

and interaction between CSP and regenerated CR matrix. However, 40 wt% CSP loading into CR decreased the 

tensile strength when compared to 30 wt% CSP loading. Coconut shell Particle for 40%CSP/CR composite has 

a tendency to aggregate.  The degree of dispersion of the Particle has a strong influence on tensile properties of 

composites. Poor dispersion causes agglomeration of the fillers as well as decreasing the Mechanical Properties 

of the Composites [20, 21].Tensile modulus of CSP/CR biocomposite was increased with increasing Particle 

content (Figure 5) t.  At 40% of reinforcement, tensile modulus increased significantly. The tensile strength of 

CSP/CR biocomposite decreased significantly at 40% of reinforcement (Figure 5).The increase of tensile 

modulus and the decrease of tensile strength of 40% CSP/CR biocomposite as a function of particle content 

were due to the particle content and their rigidity, which increased the stiffness of biocomposites, also the 

presence of several holes indicates an insufficient adhesion between CR and CSP particle. 

c 

a b 

d 
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Fig. 5: Tensile Strength and Tensile Modulus of CSP/CR biocomposite at different Particle loading. 

 

From the hardness result for different weight percentages of CSP, it is observed that with increase in 

Particle content in the composite, its hardness value improves (Figure 6). Also an increase in tensile strength and 

tensile modulus with the weight fraction of CSP is noticed. It clearly indicates that addition of CS-particle filler 

improves the load bearing capacity of the composites [22]. 

 

 
Fig. 6: Hardness Values of CSP/CR biocomposite at different Particle loading. 

 

From Figure 7, it was observed that the density of the composites with CSP increased with increasing wt% 

of the Coconut Shell particles in the CR matrix, For example, the density of the reinforced CR particle 

composites increased from 1.01 g/Cm3 at 0 wt% CSP additions to 1.32 g/ Cm3 at 40 wt% CSP [9]. 
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Fig. 7: Density of CSP/CR biocomposite at different Particle loading. 

 

5.4. Water Absorption: 

Figure 8, shows the water absorption behavior of the neat CR and the CSP/CR composites. Water 

absorption develops rapidly at the beginning of water exposure of all samples. Furthermore, the water uptake 

values for all CSP/CR composite samples are higher than that for neat CR. In other words, CSP loading into 

neat CR has significantly increased the water absorption behavior of neat CR. The water absorption tests 

showed the relatively higher capability of the CSP/CR composites for water absorption compared to neat CR. In 

this study, the maximum water absorption was observed at a concentration of 40 % wt. of the filler. This is due 

to the higher content of Particle loading in the composites that absorbed more water. As the Particle loading 

increased, there is the difficulty of achieving a homogeneous dispersion of Particle which resulted in 

agglomeration Particle. The agglomeration of the Particle in composites increased the water absorption of the 

composites [23]. 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

Fig. 8: Water absorption of CSP/CR biocomposite at different Particle loading 
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5.5. Thermal Properties: 

Figure 9 presents the thermo gravimetric (TGA) curves of, CR and the CSP/CR composites with various 

Particle content (0, 10, 20, 30 and 40 wt. %).  The thermal stability of the composites was obviously lower than 

that of neat CR. The main thermal parameters are summarized and listed in Table 2. It can be seen from Figure 

9, the thermal stability of the composites increases gradually with increasing the CSP content until it reaches 

30wt. %. The maximum degradation temperature among the samples obtained from 30 wt. % CSP/CR 

Composite. The improved thermal stability of the composites is attributed to the strong adhesion between CSP 

and the CR matrix, which stabilizes the composite against thermal decomposition. Nevertheless, further increase 

in the CSP content results in decreasing the degradation temperature thermal stability of CSP/CR 

biocomposites. A significant drop in temperature can be seen from 30% to 40% of CSP with CR. This result is 

harmony with the study of Mechanical properties. This is because of the incorporation of CSP at 40% caused a 

significant reduction in the interaction between CSP and CR. Besides, this could be due to the low thermal 

stability of the Particle which is the CSP [24]. 

 
Table 2: TGA data for CR and biocomposite 

S.NO Materials 
Tdmax (°C) 

 
Weight loss% Residue Weight (%) 

1 CR 456 88.78 11.22 

2 10% CSP/CR 432 78.85 21.15 

3 20% CSP/CR 432 78.85 21.15 

4 30% CSP/CR 449 80.11 19.89 

5 40% CSP/CR 440 79.55 20.45 

 

                       
Fig. 9: Effect of particle loading on thermal Properties of CSP/CR biocomposite 

 

Conclusion: 

Synthesis of  Cardanol resin(CR) from cashew nut shell liquid was done by poly condensation Process 

.Coconut shell Particles(CSP) were added to the Cardanol resin in loading of 10-40Wt% and the green 

composites were made using Compression moulding  technique .The 75µm 30% CSP/CR composite had higher 

tensile Properties and thermal stability than other composite. Further, the fractographs of the composite revealed 

a good interfacial bonding between the CSP and the CR matrix. The good interfacial bonding and chemical 

interactions between CR and CSP led to an increase in tensile properties. These results reveal that Coconut shell, 

an abundantly available waste, can be used as inexpensive potential reinforcing filler for biopolymers. 
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