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ABSTRACT 

The present investigation aims to study the thermal characteristics of bio-waste and natural fiber reinforced 

polymer composites in terms of physical parameters essential for their acceptance as marketable products. This work 

is focused to study the thermal behaviors of hybrid bio particles impregnated coir-polyester composites manufactured 

by Compression molding process which can further widen its application in the areas prone to thermal stresses. The 

thermal behaviors of coir fiber (CF) and rice husk (RH) particles reinforced polyester composites impregnated with 

bio-particles such as boiled eggshell (BES) and groundnut shell (GNS) are studied by means of Thermo gravimetric 

Analysis (TGA) and Differential Thermal Analysis (DTA). From the observations, thermal analysis revealed weight 

loss at various consecutive steps and influences of the temperature effects on the bio particulated coir-polyester 

composites are discussed. 
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1. INTRODUCTION 

Recent happenings in the field of fiber-reinforced composite (FRC) materials aim to yield user and 

environmental friendly components, using man-made residues especially in many engineering applications (John, 

2008). In our day to day life the researchers are studying the utility of natural products as a base for eco-friendly 

composites. In the world market, there is an enormous growth because of the use of bio-degradable natural fiber-

reinforced polymer composites (NFRPCs) (Koronis, 2013). A leading consultant reported that, the application of 

natural fiber composites in global market has shown a favorable growth rate and also expected to grow in the future 

years. This has encouraged the scientists to develop new materials in polymer matrix composites with enormous 

advantages of huge availability, low risk in health hazards, and increased resistance to abrasion (Bodros, 2007; 

Kalirasu, 2015).  

In this present investigation, the thermal behavior of the rice husk and boiled eggshell impregnated coir fiber 

reinforced composites and rice husk and groundnut shell impregnated coir fiber reinforced composites are evaluated 

and compared for their use in engineering applications. The composites are fabricated with addition of bio-particles 

such as rice husk & groundnut shell and the rice husk & boiled eggshell particles with green husk coir fiber and 

polyester resin. The fabricated composites were analyzed using TGA and DTA. 

2. EXPERIMENTAL METHODS AND TESTING 

The Hybrid Composites (300 x300 x3 mm) with varying weight percentage of bioparticles, fiber and 

resin(7.5 wt of RH+7.5 wt of GNS+25 wt % of CF+60 wt % of polyester,7.5 wt of RH+7.5 wt of BES+25 wt % of 

CF+60 wt % of polyester content) is manufactured through compression moulding technique (Bharathiraja, 2016). 

The green husk coir fiber is taken in a length of 30mm and manually mixed with unsaturated polyester resin with 

addition of Methyl Ethyl Ketone Peroxide and Cobalt Octoate. The composite plate is maintained for 2.6 MPa at 1 

hr for curing of lamina. The fabricated specimen was analyzed with help of TGA and DTA from room temperature 

to 1000ºC at a heating rate of 30oC/ min purged in the atmosphere air of 20 ml/min (Charlsley, 1992). 

TGA (Thermo gravimetric analysis) is used to measure the weight loss or gain as a function of temperature. 

The fibre content of composites will be measured by applying the heat to sample which removes the resin and the 

remaining mass can be found. DTA (Differential thermal analysis) records the temperature difference between a 

substance and a reference material which is later denoted as a function of time or temperature whereas the two 

specimens are subjected to identical temperature regimes in an environment heated or cooled at a controlled rate. 

Thermo gravimetric Analysis/ Differential Thermal Analysis (TGA/DTA) experiments were performed on a Perkin–

Elmer 4000 (CECRI-Karaikudi) and the equipment was operated in the environment of Nitrogen. 

3. RESULTS AND DISCUSSION 
TGA/DTA of Ricehusk and Groundnut Shell Impregnated Coir-Polyester Composites: The thermo gravimetric 

curve shown in Figure.1 indicates the weight loss of the bio particulated coir-polyester composites at the temperature 

ranges between 25oC to 800oC.  
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Figure.1. TGA/DTA curve of rice husk and groundnut shell impregnated coir-polyester composites 

The bio-particulated coir polyester composites showed weight loss in four consecutive steps. From the TGA 

graph, it can be inferred that the composite is quite stable till 215ºC as there is only 5% weight loss. This may be 

because of the little burning of carbonaceous materials which are present in rice husk and groundnut particles. The 

complete softness of polyester matrix is obtained around 240ºC (softness temp of polyester is 230ºC-240ºC). Beyond 

250ºC, there is some significant weight loss and compound starts to undergo a large amount of degradation (melting 

temp of polyester is 260ºC-270ºC). From 315ºC to 413ºC, there is a drastic decomposition of the sample which leads 

to nearly 85% weight loss of composite materials. This is mainly due to the degradation of the polyester matrix as 

well as remaining reinforcements. Degradation of the composite still continues beyond 620ºC with having only 10% 

of the original composite. So from TGA plot for the composite, it can be decided that the mentioned composite is 

suitable for low temperature application below 214ºC 

The DTA curve shows the peak temperature of 506.17ºC was observed for the bio-particulated coir-polyester 

composite. There is maximum temperature difference between sample and reference from 300oC -500oC. 

TGA/DTA of Ricehusk and Boiled Eggshell Impregnated Coir-Polyester Composites: The thermo gravimetric 

curve shown in Figure.2, indicates the weight loss of the rice husk and boiled eggshell bio particulated coir-polyester 

composites at the temperature ranges between 25oC to 800oC. 

 
Figure.2. TGA/DTA curve of rice husk and boiled eggshell impregnated coir polyester composites 

 As in the previous case, here also the bio-particulated coir polyester composites showed weight loss in four 

consecutive steps. From TGA plot, it can be inferred that the composite is not stable even till 100oC. At around 98oC 

the composite material starts to lose about 4% of its total weight. When the temperature reaches 250oC, there will be 

around 10% of weight loss. These are mainly due to the decomposition of the reinforcement materials mainly the 

coir. Beyond 250oC, there will be very drastic decomposition of composite material which is mainly due to the 

degradation of the matrix polyester. When it reaches around 410oC, material owns only 30% of its initial weight. 

Later, as the temperature increases material undergoes degradation with less speed. Beyond 600oC there will be a 

very less amount of the degradation. This is because of the presence of small amount of CaCO3 in egg shell material 

which will be stable at lower temperature. When it reaches around 800oC the residue obtained weighs only 5-6% of 

the initial composite material. So from TGA plot for the composite, it can be concluded that the composite is suitable 

for low temperature application below 90oC. 

The DTA curve shows the peak temperature 506.07ºC inferred for the bio-particulated coir polyester 

composite. There is maximum temperature difference between sample and reference from 360oC -510oC. 

4. CONCLUSION 

This investigation on thermal properties of hybrid bio particulated coir-polyester composites has led to the 

following specific conclusions: 

From TGA curve of rice husk and groundnut shell bio particulated coir-polyester composites it is clear that 

this composites are best for low-temperature application below 215oC but certainly not for very high-temperature 

applications. The DTA curve implies that the sample undergoes main decomposition between 300oC-500oC as 

exothermic peak shows maximum between these temperatures. From TGA curve of rice husk and boiled eggshell 

bio particulated coir-polyester composites it is clear that this composite is suitable for low temperature application 

below 100oC.The DTA curve implies that the sample undergoes main decomposition between 360oC to 510oC as 

exothermic peak shows maximum between these temperatures. 
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