
 Irin Sheela C., IJSRR 2019, 8(2), 01-09  

IJSRR, 8(2) April. – June., 2019                                                                                                         Page 1 
 

    Research article           Available online www.ijsrr.org          ISSN: 2279–0543 
 

International Journal of Scientific Research and Reviews 
 

Thermal and Mechanical Properties of Polymer Composites from 
Linseed Oil using Sisal Fiber and Coconut Fiber as Fillersp 

 
Irin Sheela C. 

 
Department of Chemistry, Annai Velankanni College, Tholayavattam, Tamilnadu, India 

Email: sheela.irin@gmail.com  Mobile: +919865748543 

ABSTRACT 
In this study polymer composites were synthesised by the polymerization of alkyd resin of 

linseed oil with the co-monomer methyl methacrylate(MMA) using fillers such as sisal fiber and 

coconut fiber. The newly prepared polymer composites were analysed for thermal and mechanical 

properties. Thermal properties such as decomposition temperature, temperature of maximum 

decomposition, melting point and glass transition temperature of the of the polymer composites were 

studied by thermo gravimetric analysis (TGA), derivative the rmogravimetry (DTG), differential 

thermal analysis (DTA) and differential scanning calorimetry (DSC) analysis. Mechanical properties 

of the polymer composites were studied from the tensile studies and hardness. Such polymers exhibit 

significantly large thermal stability and find applications in number of fields with better and more 

improved properties. 
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1. INTRODUCTION 
Environmental concern and increasing demand for petroleum based products bring the 

attention of scientist to explore the use of renewable resource for the production of conventional 

polymeric materials and also polymer composites. Simplicity of processing, efficiency and cost 

reduction are some of the most important advantages of using polymers in various applications. The 

properties such as high strength and modulus requirements of polymers are improved using fillers 

and fibers. Among the fibers which are used as reinforcement materials, natural fibers have 

reasonably high strength, great rigidity and low density1 and these fiber-reinforced polymer 

composites offer more advantages over other conventional polymeric materials.  

Development of composites using natural fibers as reinforcing material has been an 

interesting topic for the last few years 2-5. Since these fibers provide more advantages than other 

conventional reinforcement materials, more attention is paid by the scientists and researchers for the 

synthesis of polymeric materials containing natural fibers as reinforcing agents. These natural fibers 

possess specific properties like low-cost, low density, biodegradable, nonabrasive and are readily 

available when compared to other fibers used as reinforcing materials. 

Natural fibers found to have widespread applications in construction and civil engineering 

fields. Even though composites based on synthetic fiber are useful in service, these materials are 

difficult to be recycled after calculated service life. Conversely, composites based on natural fiber are 

environment friendly to a great extent. Natural fibers are hydrophilic in nature and would therefore 

leads to composites with weak interface but the adhesion between fibers and the matrix phase is 

improved by pretreating the natural fibers. Pretreatment of natural fiber leads either activation of 

hydroxyl groups or addition of new groups that can efficiently interlock with the matrix 6–16. 

The most frequently used natural fibers for the synthesis of polymer composites are jute, 

ramie, flax, and sisal fibers. Wood flour also used as natural fiber for the preparation of polymer 

composites. Fillers such as nylon, aramid, carbon, clay, glass or natural fibers are generally added to 

the resin matrix to produce composite materials in order to expand more high-performance 

engineering applications such as civil infrastructure and transportation17–19. Generally natural fibers 

from plant or vegetables are used for the preparation of fiber reinforced plastic materials. With a 

small amount of polymer as binding material aeroplane seats and fuel-tanks were prepared of natural 

fibers 20. 

Variation in chemical composition of natural fibers is based on the type of fiber and mainly 

fibers contain cellulose, hemicellulose, pectin, and lignin. Each constituent present in the fiber 

contribute to the overall properties of the fiber. Hemicellulose present in fiber is least resistance and 
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responsible for moisture absorption, biodegradation, and thermal degradation of the fiber but lignin 

is thermally stable and is responsible for the degradation by UV radiation.  

Mehta et. al., 2004 synthesized bio based polymer composites by blending unsaturated 

polyester resin from vegetable oil with plant bio-fibers. These bio composites substitute existing 

glass fiber reinforced polyester composites which are used in household appliances. Badri et.al., 

2006 synthesized bio composites from palm oil resources and study the effect of oil palm empty fruit 

bunch (EFB) on the mechanical properties of high density rigid polyurethane (PU). A series of bio 

composites from polyurethane (PU) sheet with different quantities of oil palm trunk (OPT) fiber dust 

was synthesized and characterized by Yaakob et. al., 2010. For this first a monoglyceride was 

obtained through direct esterification of oleic acid and then utilized the glyceride to prepare PU 

sheet. 

In this work, we report the study of thermal and mechanical properties of polymer composites 

synthesized from linseed oil using sisal fiber and coconut fiber as fillers. 

2. EXPERIMENTAL SECTION 

2.1 Materials 
Linseed oil and the fillers (sisal fiber, coconut fiber) were purchased from local market at 

Trivandrum. The chemicals Cyclohexane dicarboxylic anhydride (Sigma–Aldrich), Triethylene 

glycol dimethyl acrylate (TEGMA) (Sigma–Aldrich), Glycerol, Methyl methacrylate, Benzoyl 

peroxide, N,N – dimethyl aniline  were used without purification.  

2.2 Methods  
Preparation of polymer composites  

Linseed oil was glycerolysed by heating oil and glycerol in the ratio 2:1 at 220-230°C for 5 

hours and mixture of glycerides is formed was heated with cyclohexane dicarboxylic anhydride at 

about 80°C to prepare alkyd resin. The resin was mixed with 60% methyl methacrylate (MMA) co-

monomer, 2% of the fillers and 2.5% of benzoyl peroxide. 1 ml of TEGMA was added as cross 

linking agent and 2 drops of N, N-dimethyl aniline as accelerator. The mixture was then casted on a 

clean silicone oil spreaded glass mold and the mixture filled mold was placed in an oven at 50°C for 

2 hours and the temperature was increased upto 100°C and curing takes place at this temperature for 

2 hours and the sample was post cured for another one hour.21 

 

 



 Irin Sheela C., IJSRR 2019, 8(2), 01-09  

IJSRR, 8(2) April. – June., 2019                                                                                                         Page 4 
 

2.3 Thermal analysis 
Thermal analysis is used to study the thermal properties such as the decomposition 

temperature, temperature of maximum decomposition, relative thermal stability, melting point and 

glass transition temperature of the polymer composites. Thermo gravimetric analysis (TG-DTA) was 

performed by Perkin’s Elmer thermo gravimetric analyzer over the temperature range 30 to 700 °C at 

a heating rate of 10 °C/min under nitrogen gas atmosphere. DSC analysis was carried out over the 

temperature ranging from -50 to 400 °C at a heating rate of 10 °C/min. 

2.4 Mechanical properties 
Mechanical properties of the polymer samples are studied from tensile strength which was 

determined using Instron UTM; 10 ton static Universal Testing Machine. The values of tensile 

strength of the prepared polymer samples represented were an average of about 4-5 samples. The 

crosslink densities of the polymer composites,νe, were determined based on the theory of elasticity E′ 

= 3νeRT 22,23, where E′ is Young’s modulus of the cross linked biopolymer, R is the gas constant and 

T is the absolute temperature. 

3. RESULTS AND DISCUSSIONS 

3.1 TG-DTA analysis 
Thermo gravimetric analysis was used to study the thermal stability of the polymer 

composites. Figures 1 and 2 show the TG-DTA curves of methyl methacrylate polymer composites 

obtained from linseed oil with fillers such as sisal fiber and coconut fiber which show the 

decomposition behavior of the polymer samples under nitrogen atmosphere. The study of TGA is 

supplemented by the study of its first derivative (DTG) curves. The DTG curves show the rate of 

thermal decomposition (mg/min) with respect to temperature. Figures 3 and 4 show the TG-DTG 

curves of the polymers composites.  
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Figure 1. TG-DTA curve of polymer from linseed oil 

– methyl methacrylate (LINMGMMA) copolymer 

with sisal fiber. 

 
Figure 2. TG-DTA curve of polymer from linseed oil 

– methyl methacrylate (LINMGMMA) copolymer 

with coconut fibe

In the TGA curves of the polymer composites two different temperature regions were 

experienced where the samples experienced significant weight loss (150-250°C and 300-450°C).  It 

was clear from the figure that most of the unreacted free oil disappears at the temperature between 

150 and 250°C (stage 1), ie this region corresponds to the evaporation of the unreacted free oil. On 

the other hand, the insoluble substances were found to be highly cross linked thermo sets that 

decompose at temperatures greater than 350°C (stage 2). This decomposition stage corresponds to 

the carbonization of the cross linked polymer network. First stage of decomposition in the TGA 

curves of the polymer samples involves diffusion of the free oil to the surface of the polymer 

followed by evaporation. The diffusion of the free oil is retarded by highly crosslinked polymeric 

materials, but evaporation of the free oil at the polymer surface takes place quickly at high 

temperatures. From the foregoing results, it was obvious that the thermal stability of the polymers is 

restricted by the first decomposition stage in the TGA thermo grams, which is directly associated to 

the amount of free oil in the bulk polymer that is not reacted. 

Temperature at 10% and 50% weight loss was chosen as a reference for evaluating the 

thermal stability of each polymer composites. From the TGA curve it is known that 10% weight loss 

occur in the I stage of decomposition and 50% weight loss occur in the II stage of decomposition. 

Table 1 shows the temperature at which the polymer samples shows 10% and 50% weight loss 

during the thermo gravimetric analysis. 
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Figure 3 TG-DTG curve of polymer from linseed oil 

– methyl methacrylate (LINMGMMA) copolymer 

with sisal fiber. 

 
Figure 4 TG-DTG curve of polymer from linseed oil 

– methyl methacrylate (LINMGMMA) copolymer 

with coconut fiber. 

From the thermal analysis it was observed that all the polymer composites decompose below 

10% weight in the temperature range 0–200°C. There is a quick weight loss from 50–90% in the 

temperature range of 400–450°C. In the DTA curves of all the polymer composites, the endothermic 

peak at 100-120°C owing to the melting point and the endothermic peak around 420°C correspond to 

the decomposition temperature of the polymer network. 
Table 1 TGA data of polymer composites from 

linseed oil 
 

 

Polymer sample 

Temperature 

10% weight 

loss 

50% weight 

loss 

LINMMASIS 200ºC 370ºC 

LINMMACOC 220ºC 390ºC 

 

Figure 5 DSC curve of  LINMGMMA 

The study of TGA was supplemented by the study of its first derivative (DTG) curves. The 

DTG curves show the rate of thermal decomposition (mg/min) with respect to temperature. The DTG 

curve in Figure 3 shows that the polymer composite LINMMASIS has two significant peaks at 

235.63oC and 417.94oC with corresponding 0.482mg/min and 1.240 mg/min rate of decomposition. 

The DTG curve in Figure 4 shows similar peaks at 238.21oC with 0.446 mg/min and at 423.44oC 

with 1.812 mg/min rate of decomposition for LINMMACOC polymer.  
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3.2 DSC analysis 
The properties of the polymeric materials such as melting point, crystallisation temperature, 

glass transition temperature and degradation temperature can be determined by this analysis. Figure 5 

shows the DSC curve of LINMGMMA polymer which shows the glass transition is less than the 

glass transition temperature of the corresponding polymer with fillers and melting point is greater 

than the melting point of the corresponding polymer with fillers. From the DSC curves of the 

polymer and polymer composites, it was known that the glass transition temperature increases and 

melting point decreases by the addition of fillers.   

3.3 Mechanical properties 
The tensile strength of the polymer composites prepared from linseed oil were determined 

using Instron UTM; 10 ton static Universal Testing Machine and are shown in the  table 2. From the 

data it was known that the polymer composites were having high tensile strength and modulus than 

the corresponding biopolymers. Addition of fillers increases the tensile strength and modulus of the 

polymer samples to a greater extent. Mechanical properties of the reinforcing fibers improve the 

properties of the final polymer composites. Comparing the polymer composites prepared, fiber 

containing polymer composites especially sisal fiber containing polymer composites possess high 

tensile strength and modulus and wheat flour containing polymer composites possess less tensile 

strength and modulus. Cross link density also increases by the addition of fillers. 

Table 2 Data of Mechanical properties of the polymer composites from linseed oil 

 

4. CONCLUSION 
1. A variety of polymer composites have been synthesized from linseed oil monoglyceride 

cyclohexane dicarboxylate with methyl methacrylate co monomer using the fillers such as 

sisal fiber and coconut fiber.  

Polymer sample 

Cross link 

density 

(x10-3) 

Tensile strength 

x 105Pa 

% of 

elongation 

Young’s 

Modulus 

x 105Pa 

Shore 

Dhardness 

LINMGMMA 7.62 14.02 103 576.6 60.4 

LINMMASIS 15.73 34.13 104.78 1189.3 60.2 

LINMMACOC 16.24 30.28 103.32 1227.35 57.9 
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2. The polymer composites exhibited good tensile stress–strain behavior relatively to plastics. 

The tensile strength of the polymer samples increases to greater extent by the addition of 

fillers. 

3. Two different temperature regions of decomposition are experienced upon thermo 

gravimetric analysis, which correspond to evaporation of the unreacted free oil present in the 

polymer and carbonization of the cross linked polymer network.  

4. DSC analysis shows that the glass transition temperature of the polymer composites was 

greater than the corresponding parent polymer and melting point is less than the 

corresponding parent polymer. 
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